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PART ONE 
GENERAL 



CHAPTER 1 
INTRODUCTION 



1. Purpose 

The inirposc of this manual is to — 

a. Provide a general giiicic for tank gunnery training. 

b. Treat in detail tliosc elements of tank materiel and gunnery not 
covered in publications pertaining to specific models of tanks. 

c. Outline i^rinclples, methods, and techniques which will insure full 
and effective use of tank weapons, both in training and in combat, under 

ail foreseeable conditions, 

d. Promote uniformity and high standards of training. 

e. Provide u practical reference book for all echelons of command in 
learning, teaching, and supervising tank gunnery, 

2. Scope 

a. This manual contains five parts as follows; 

(1) Part one outlines the purpose and scope of this manual. 

(2) Part two presents general characteristics of tank armament, 
turrets, and controls applicable to all tanks. It also discusses 
tank gun ammunition and ballistics. 

(3) Part three explains the fundamentals of tank gunnery, to in- 
clude fire-control equipment, range determination, and tank 
gunner}' jirinciplcs applicable to all tanks. 

(4) Part four covers conduct of fire. It presents in detail tlie prin- 
ciples, methods, and techniques of direct fire. It also discusses 
indirect fire. 

(5) Part five covers tank gunnery training and testing of individual 
tank crewmen, sections, and platoons. 
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b. This manual is general in scope and covers only those principles, 
mcthodgf'techniqiics, training exercises, and proficiency tests applicable 
to all types and models of tanks. For details pertaining to any particular 
item of materiel, reference must be made to tlic specific publications for 
Uiat tank. 

c. The jnatcfial presented herein is applicable without niudirications 
to both atomic and nonatomic warfare. 
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PART TWO 
MATERIEL 



CHAPTER 2 

CHARACTERISTICS OF TANK ARMAMENT, 
TURRETS, AND CONTROLS 



Section I. INTRODUCTION 

3. Background 

The family of tanks includes tliree types — a light-gun tank, a medium- 
gun tank, and a heavj'-gun tank. As the gun designation implies, these 
timks arc produced to fulfill certain roles according to their firepower 
capabilities. However, all tanks, regardless of type, have many common 
characteristics. Tlie tank, being basically an offensive weapon, depends 
upon its mobility, armor-protected firepower, and shock action to 
accomplish its mission. Mobility refers to the ability of the tank to 
negotiate various tj'pes of terrain and to move rapidly from place to 
I)lace on the battlefield. How well a tank moves over the ground depends 
largely upon its power plant, its suspension system, and its crew. Armor- 
protected firepower refers to the tank's ability to shoot rapidly and 
accurately in any direction with a multiplicity of weapons, at the same 
time furnishing adequate armor protection for the crewmen. The speed 
and accuracy of fire depend upon the turret and gun controls, the sights 
and fire-control institimcnts, and the skill of the tank crew. Shock action 
is obtained by properly employing mobility and armor-protected 
firepower. 

4. Characteristics of Tanks 

Regardless of the gun's size or tlie tank's mission, tanks have the com- 
mon characteristics indicated in a through k below. 

a. The crewmen stationed in the turret include the tank commander, 
who commands the tank, fires the turret- (or cupola-) mounted machine 
gun, and directs the actions of all tlie other crewmen; tlie gunner, who 
aims, fires, and adjusts the fire of the main gun and the coaxial machine 
gun(s) ; and one or more loaders, who load(s) the main gim and coaxial 
machine gun(s). 
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b. The turret, mounted on the turret ring, can be rotated by the gunner 
continuously and witli variable speed in either direction by both manual 
and power controls. This permits firing in any direction without moving 
the tank. Slow or rapid traverse and immediate reversal of direction are 
possible. In addition, on some tanks, the tank commander is provided 
with a moans for overriding the gunner's power control for rapid laying 
on targets. 

c. The main gun is mounted on trunnions in the forward ]}art of the 
turret. As the turret traverses, the gun traverses; but for elevation the 
gun must move independently of the turret. This is accomplished by use 
of a gunner's manual and/or power elevation system. As in traverse, the 
tank commander has, on some tanks, a means of overriding the gunner's 
power elevation controls. 

d. At least one uiacliine gun is mounted coaxially witli the main gun 
and is aimed with tlic same direct-fire sights. 

e. A turret- or cupola-mounted machine gun is provided for use by the 
tank commander against aerial and ground targets. 

/. Tlie main gun is fired either manually or electrically by tiic gunner, 
and electrically by the tank commander. It is provided with a manual 
safety to prevent accidental firing. 

g. The main gun is normally mounted in a recoil mechanism. Some 
recoil mechanisms have one cylinder concentric with the gun tube; othere 
are multiple-cj'lindcr iypes which space the cylinders around the gun 
tube. This recoil niechanisni limits the movement of the gun in recoil 
and returns the gun to the battery position. 

h. The gun is aimed primarily by direet-fire sights but may also be 
laid by use of auxiliary fire-control instruments. Direct-fire sights arc 
mounted for use by the gunner and tank commander. 

i. The rear of the turret overhangs the turret support in order to bal- 
ance the weight of the gun tube in the front of the turret. This assists 
traverse, particularly when the turret is not level. The space provided by 
the turret overhang is utilized for mounting the radios, ventilator, ammu- 
nition stowage racks, and miscellaneous equipment. 

The turret can be locked in traverse by use of the turret lock. The 

gun can be locked in tra^'crse and elevation by use of a gun traveling 
lock. These locks are designed to prevent damage to the traverse and 
elevation mechanism. 

k. Ammunition for the main gun and machine guns is stowed so that 
some rounds are immediately available for loading. Other main gun 

ammunition may bo stowed under the turret floor, in the turret overhang, 
in the sides of the hull, or in the forward part of the hull. 
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Section 11. TANK GUNS AND GUN MOUNTS 



5. General 

Tank main guns vary in caliber but arc fundunientally of tlie same 
design. They have the following ecunnion characteristics: 

a. Mounted on a combination mount. 

b. Consist of four main parts or assemblies — nuiKzlc attachment, bore 
cvacuator, tuljo, and breech niccluinisni. 

c. Incorporate a breech whicli may be opened mamiallj'. The breech 
will close automatically at any time the extractors arc trij)pcd. During 
firing the breech will open automatically on counterrccoil and eject the 
empty case. 

6. Combination Gun Mount 

The combination gun mount consists of a gun shield and a cradle. The 
gun mount supports the main gun on trunnion bearings and provides 
attachments for the breech ojicrathig iind firing mechanisms, the coaxial 
machine gun mount(s), the recoil guards, and in some cases a direct-firc 
telescope mount. 

7. Recoil Mechanisms 

Recoil mechanisms arc of the liydrospring constant recoil distance 
type, designed to bring the gun to rest at the end of a i)redctcnnined 
recoil distance and to return the gun to Ijattciy pusitidii with a miniinuni 
of shock. This is accomplished by the controlled flow of hydraulic fluid 
and by the compression and expansion of spring (s) — hence, the designa- 
tion hydrospring. 

8. Main Gun 

The main gun on a tank is a high-velocity, flat-trajectory weapon. It 
consists of four major parts — nuizzlc attachment, bore evacuator, gun 
tube, and breech mechanism. Muzzle attachments arc provided to reduce 
obscuration. Bore cvacuators arc mounted on the gun tube to withdraw 
the smoke and gases from the tube at the muzzle. The tube is machined 
for attachment of the breech nieohanism, bore cvaciuitor, muzzle attach- 
ment, and in some cases the recoil piston. 

9. Maintenance of Tank Guns 

Maintenance of tank gims includes preventive maintenance services, 

inspections, and I'cpair when necessary. Appropriate publications pre- 
scribe the services to be performed and by whom they will be performed. 
Generally the key to long tube life and proper functioning of the breech 

mechanism is [U-opcr cleaning after firing and tiropcr inspection and 
lubrication during nonfiring periods. Abrasive compounds must not be 
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used on the interior of the tube. However, crocus cloth may be used to 
remove burrs from the breech mechanism and machined outer surfaces 
of the tube. Inspection, cleaning, and lubrication are prescribed to insure 
that no damage is done to the gun by rust or corrosion, lliflc bore cleaner 
is the authorized cleaning agent for use on tank guns. All unpaintcd 
surfaces are cleaned with rifle bore cleaner after firing and for three 
consecutive days thei-eaftcr. Rifle bore cleaner has ii preservative agent 
which will prevent rust for periods up to 48 hours. This preservative will 
evaporate when applied to a hot tube; therefore, tiic gun tube should be 
cool enough to touch with the bare hand before cleaning. During periods 
when the gun is not being fired, the recoil system must be exercised. The 
frequency of exercise will be dependent upon climatic conditions. This 
exercise, accomplished by manually forcing the gun out of battery several 
times, inhibits the formation of rust on the unpaintcd surfaces of the gun 
tube, thereby preventing damage to the recoil cylinder when the gun is 
fired. 
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CHAPTER 3 



TANK GUN AMMUNITION AND BALLISTICS 



Section I. INTRODUCTION 

10. General 

Since tlie doctrine for employment of tank weapons is based on the 
theory of a fast first-round kill, it is essential to know and understand 
the ballistic performance of the different types of aminimition, which 
allow effective engagement of any enemy target which may be en- 
countered. 

1 1 . Complete Round of Ammunition 

Tank gun ammunition is classified as artillery amihunition. A com- 
plete round of ammunition is defined as one containing all the compon- 
ents necessary to load and fire the weapon one time. For tank gun 
ammunition these components are the projectile (which may include a 
fuze), the propellant, the primer, and the cartridge case (fig. 1). 

Caution: Explosive ammunition, or components containing explosives 
MUST be handled with care at all times. The explosive elements in 
primers and fuzes are particularly sensitive to shock and high tempera- 
tures. Prescribed precautions for handling ammunition are stated in 
TM 9-1901 and TM 9-1900. 

12. Fixed or Separated Complete Rounds 

Either fixed or separated complete rounds arc issued. In fixed rounds, 
all components are firmly contained by the cartridge case. In separated 
rounds, the projectile is separated from the cartridge case and the primer 

and propellant arc sealed in the cartridge ease. Tank gun ammunition is 
also classified according to the purpose for which the round is designed — 
armor-defeating, antipersonnel or antimateriel, and chemical. 
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Figure 1. A complete round of tank gun ammunition. 
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Section II. PROJECTILES AND FUZES 



13. General 

Projectiles are classified as inert and filled. Inert projectiles contain 

no explosive filler and consist of metal slugs which obtain their effect 
hy mass and velocity (kinetic energy). Filled projectiles contain cither 
an explosive or a chemical filler. Filled projectiles arc fused to detonate 
the explosive or to disseminate the eheniical. Most standard tank gun 
projectiles eontaiii a tracer clement in the base. 

14. Projectile Nomenclature 

The forward portion of the projectile from the point to the area of 
largest projectile diameter is called the ogive. It includes the point 
detonating fuze or windshield. The ogive serves to streamline the pro- 
jectile and provide better ballistic performance. To the rear of the ogive 
is the bourrelet, the area of largest projectile diameter. It is machined to 
fit sniiglj^ within the gun bore. The bourrelet forms the front bearing 
surface and centers the projectile while it moves forward in the gun tube. 
The body may contain a filler. The diameter of the body is slightly less 
than that of the bom-relet and rotating band(s). Rotating bands are 
fixed at the rear of the projectile. They form the rear bearing surface, 
sealing the propelling gases behind the projectile and imparting spin to 
the projectile as it begins its forward motion. Rotating bands are usually 
made of relatively soft metal. They are of sufficient diameter to squeeze 
into the grooves of the gun bore when the projectile first moves fonvard 
during firing. Because of the twist of the rifling, the rotating band causes 
the projectile to rotate. This rotation or spin continues during the time 
of flight of the projectile and provides stability. The base is that part of 
the projectile upon which the expanding propelling gases act to force the 
projectile forward. The base may also contain the tracer and base 
detonating fuze, 

15. Armor-Defeating Projectiles 

Armor-defeating projectiles achieve their effect by means of kinetic 
energy or chemical energy. 

a. Kinetic energy projectiles (A, fig, 2) depend upon their velocity and 
mass to defeat armor. Kinetic energy projectiles are basically inert, but 
some t3^es may contain a small explosive charge and a base detonating 
fuze to cause the projectile to break up after penetration of the armor. 
Kinetic energy projectiles include armor-piercing (shot), armor-piercing 
capped (APC), hyper- velocity armor-piercing (hyper-shot), and hyper- 
velocity annor-picrcing discarding sabot (Sabot). Hyper-shot and Sabot 
projectiles arc of lighter weight than solid shot and incorporate a core of 
tungsten carbide, a metal of extremely high density and hardness. Spaced 
armor arrangements and highly sloped armor reduce the effectiveness of 
hyper-shot type projectiles. 
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NTOHIELD 
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A. KINETIC ENERGY PROJECTILES 



/BASE FUZE /HE. FILLER /'CONE 1 OGIVE AMD 




1 UNION ASSEMBLY 



HIGH-EXPLOSiVE-ANTlTANK 
B. CHEMICAL ENERGY PROJECTILE 

Figure S. Armor-delealing projectiles. 



-OGIVE 



b. Chemical energy projectiles (B, fig. 2) include high explosive anti- 
tank (HEAT) and high explosive plastic (HEP). Chemical energy pro- 
jectiles have a given armor-defeating potential which is constant regard- 
less of the range. 

(1) Penetration by the HEAT projectile depends on utilization of 
the shaped charge principle. Detonation of the change causes 
formation of a siipervelocity jet of flame and cone particles that 
can penetrate a considerable thickness of armor. 
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(2) Upon impact the plastic explosive of HEP muslii-ooms on the 
armor and detonates. This force transmits shock waves througli 
the armor, causing large jagged spall fragments to be displaced 
from the back of tho plate. 

16. Antipersonnel and Antimaterlel Projectiles 

There arc two types of projectiles in this category — liigii exi)losive 
(HE) and canister (fig. 3) . 




HE FILLER HIGH-EXPLOSIVE PROJECTILE 



STEEL CONTAINER -.TACKED STEEL. 




CANISTER 



Figure S. Antipersonnel and aniimaleriel projectiles. 

a. High explosive projectiles are filled and fuzed. They consists of a 
steel body witli a large cavity filled with a high explosive such as TNT or 
Composition B. The fuze is of the point detonating type and detonates 
either upon impact or as a result of time action. The fuze detonates the 
explosive filler, which causes fragmentation at the area of impact or 
detonation. High explosive projectiles arc used against troops, thin- 
skinned vehicles, crew-served weapons, and light materiel. 

b. Canister projectiles arc cylindrical in shape and contain a large 
number of small steel pellets. As the projectile leaves the muzale of the 
gun, centrifugal force ruptures the canister and discharges the pellets. 
Canister ammunition is used against concentrated troop formations at 
close range. 
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1 7. Chemical Projectiles 

Althougli there arc many tyjics of ehcinical projectiles, the white 

phosphorus projectile (fig. 4) (WP or smoke) is the only type coiiiinonly 
fired from tanks. It is similar in construction to the high explosive pro- 
jectile but coiituins a filler of white phosphorus whieli ignites on contact 
witli air. It has a point detonating fuze which, upon impact, initiates a 
burster charge causing the projectile body to ru])turc. Tlic wiiitc phos- 
phorus, when scattered and exposed to the air, burns and produces a 
dense white smoke. Tliis round is used to screen, to mark targets, and 
to produce casualty and incendiary effect. 
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18. Fuzes 

Fuzes arc attached to filled projectiles to initiate detonation or action 
of the filler. Fuzes are classified, according to tlicir location on the j^i'o- 
jectile, as i)oint detonating or base detonating. Tiiey are also classified, 
according to their nietliud of functioning, as time or impact. Ini|)act 
fuzes are most connnon to tank gun anmnmition, although time fuzes 
are a\'ailab]e. 

a. Point Detonating Fuzes — Impact Type. These fuzes (fig. 5) are 
fitted to tlie standard EIE unci WP i)rojcctilcs. When the projectile is 
fired, the fuze remains unai'mcd until it has cleared the muzzle of tlic 
gun. For this reason they arc called boresaje fuzes. On impact, the fuze 
initiates the detonation or action of the filler. Most point detonating 
fuzes of the impact tyjjc will ]iro\'ide superquick or delay action after 
impact. The conii)lctc round is issued with the fuze set at superquick 
(SQ) ; when the slot in the setting sleeve is rotated one quarter turn, the 
fuze will be sot at delay and will initiate detonation a predetermined 
fraction of a second after impact. This delay permits ricochet action or 
penetration of light materiel prior to detonation. The high explosive pro- 
jectile may be fitted with a concrete-piercing fuze when needed. This is 
a special point detonating fuze made of hardened steel. It provides added 
strength for the HE projectile, thus giving better penetration when used 
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BURSTER TYPE CHEMICAL PROJECTILE 



Figure 4- Chemical projcctilo. 



against concrete fortificntions. It includes a predetermined delay action. 

6. Base Detonating Fuzes — Impact Type. Sonic filled armor-defeating 
projectiles (APC filled, HEAT, and HEP) arc fitted with a base deto- 
nating fuze. Extreme care must be exercised in handling rounds so 
fuzed, inasmuch as some fuzes are not borcsafo (noninterrupted firing 
train) and functitm by inertia aloue. A shaip blow apjjlicd to the point 
of the ogive may cause detonation whether the round has been fired 
or not. 




STANDARD SUPEiKMJICK— DELAY FUSE 

ftA PD 104831 





3.48 



CONCRETE-^tERONG FUZE 



RA PO 104830 



Figure 5. Point deionatinff fuzes — impact type. 
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19. Ammunition Lot Numbers 



A lot number is stamped on tlie base of every complete round of tank 
gun ammunition and on all packing boxes and containers (fig. 6) . It is 
rcquirw! fur all ]jurposes of record, including reports on condition, func- 
tioning, and accidents in which anniiunition is involved. To obtain the 
greatest aixuraey in firing, sucocssi\-c roundij siiould be from the same 
ammunition lot whenever practicable. 

20. Painting and Marking of AmmuniHon 

Amniuiiition is painted primarily to prevent rust. A secondary purjjose 
is to provide color for ease of identification. 



Type, oj amviwtitioji 
High explosive (any round toiUiiin- 

ing high explosive). 
Armor-pici'cing (inert) 
Canister 
Chemical : 

WP (smoke) 
IlUiniinuling 

Nonpoisisteiii casualtj' nits 
Poraistctil, iiasuiilty gas 
Nonpei'sisI.ent harassing gas 
Practice 

JDiimmy or Drill (inert) 



Coior 0/ projectile 
Olive dial); marking in yellow 

Black ; marking in white 
Black ; marking in wliite 

Grey; one yellow band, marking in j-cllow 
Grey; one «liile band, marking in white 
Grey; one grcon band, marking in green 
Grey; two grcoii bands, mai'king in green 
Grey; one red band, marking in rod 
Blue; marking in wliite 
Black; marking in white 



Section ill. MACHINE-GUN AMMUNITION 

21. Cartridge Types, Caliber .30 

a. Armor- Piercing Incendiary (API). Used against ligiit armor and 
iiglit materiel. At normal impact at 200 j'ards it will penetrate appro.\i- 
mately ^2 'ncli of homogeneous armor plate. 

b. Armor-Piercing (AP). Same characteristics as API except without 

incendiary action. 

c. Ball. Used against personnel and light materiel. At normal impact 
at 200 yards it will penetrate apiiroximatcly % inch of liomogcneous 
armor plate. 

d. Tracer. Normal visible trace is 900 yards. 

e. Frangible. Training annnunition. Bullet shatters on impact. 
/, Blank. Used in training. 

g. Test, High Pressure. Used for ])ioof firing of rifles and machine 
guns. To be fired by autiiorized personnel only. 
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22. Cartridge Types, Caliber .50 

a. Armor-Piercing Incendiary (API). tJscd against aircraft, light 

armor, concrete slielterg, and similar bullet-resisting targets. At normal 
impact at 100 yards it will penetrate % inch of liomogencous armor plate. 

b. Armor-Piercing Incendiary Tracer (AP1~I). Same as API but with 
the addition of a tracer clement. Noi-nial ^■isil>lc trace is 1,800 yawls. 

c. Ball. Used against personnel and light materiel. 

d. Tracer. Eangc of visible trace varies from 1,800 to 2,450 yards. 

23. Identification of Machine-Gun Ammunition Types 

a. Color Identification. 



b. Tinned Cartridge Case. A tinned cartridge case indicates iiigh- 
pressurc test cartridges only, 

c. Drilled Holes in Case. Drilled holes in cartridge case indicate 
dummy cartridges. 



24. General 

a. Ballistics is the science of the motion of projectiles. From the time 
a projectile leaves its starting place until it comes to rest, it passes 
tlirough three phases — interior ballistics, exterior batlistics, and termi- 
nal ballistics. 

b. For the most part, the crew cannot control the inherent ballistic 
characteristics of the gun-anniiunition combination. However, the crew, 
by diligent application of correct tank gunneiy techniques and approved 
cleaning, inspection, and maintenance procedures, can exploit the capa- 
bilities of the gun and ammunition. 

25. Interior Ballistics 

a. Interior ballistics conccius everything that takes place inside the 
gun tube. It deals with the temperature, volume, and pressure of the gases 

into which the propellant in tlie chamber of the gun is changed by com- 
bustion, and with the effect of the expansion of these gases upon the gun, 



Ball 

AriBOr-piorcing 
Armor-i)icrcing inceadiary 
Tracer (Cal .30) 
Tracer (C;il JSO) 

Annor-i)iorcing incendiary tracer 
Frangible 



Type a) cartridge 



Color of tip of huUet 

Not painted 

Black 

Alnminutn 

Orange 

Maroon 

Red and nhlmimim 
Green and while 
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mount, and projectile. When the firing mechanism is actuated, the firing 
pin strikes the primer, initiating the burning of tlic propellant. The pro- 
pellant burns gradually, producing a large volume of gas while the 
projectile is still in the tube. This gas expands, producing pressure in 
all directions in the chamber. The projectile moves fonvard, accelerating 
ra])idly in the tube while the gun moves rearward in recoil. As the pro- 
jectile moves forward, the rotating band is engraved by tlie rifling 
in the bore, sealing the propellant gases behind tlie projectile. Since the 
gun bore is rifled, the projectile spins as it travels forward. The gas 
pressure in the tube is still high when the projectile leaves the muzzle; 
this accounts for the large muzzle blast of tank guns. A study of interior 
ballistics permits the detern:iination of all the factors wliich give a pro- 
jectile its orientation, velocity, and rate of spin. Some of these factors 
are weight of charge, type and density of propellant, length of bore, and 
chamber volume. These factors determine the design of the gun and 
recoil system. 

b. Interior ballistic performance is greatly affected by such factors as 
variations of powder temperature, tube wear, imperfect rotating bands, 
and extraneous matter in the gun bore. The crew can obtain the best 
and most consistent results by insuring that ammunition is not exposed 
to direct rays of the sun or other excessive heat, that gun tubes arc 
cleaned before and after filing, and that ammunition is stowed in such 
a manner as to prevent damage. 

26. Exterior Ballistics 

a. Exterior ballistics is concerned with the path of a projectile from 
the time it leaves the gun until it strikes tiie target or bursts in the air at 
a desired point. The path of flight of the projectile is called the tra- 
jectory. This trajectory is the resultant of six major factors — 

(1) Direction in wliich the gun is pointed. 

(2) Projectile velocity. 

(3) Drag on the projectile caused by the resistance of the air 
through which it passes. 

(4) Drift of the projectile caused by its rotation in the air. 

(5) Effect of wind. 

(6) Force of gravity. 

b. In order to overcome the force of gravity, the gun must be pointed 
above the line of sight to the target. The angle above the line of sight 
to which the gun nmst be elevated to cause a given projectile to strike 
a target at a given range is termed the superelevation angle (fig. 7). Gen- 
erally, the lower the projectile velocity, the greater the sujierelevation 
angle required. High-velocity guns used in tanks need very little 
superelevation and are commonly referred to as fiat trajectory. Tech- 
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nically, there is no flat trajectory; but tank gun projectiles fired at 
combat ranges describe a nearly flat trajectory. 

c. The tank crew can compensate for manj' of the factors affecting 
the trajectory by selecting firing positions wliicii are as level as pos- 
sible, b}'' careful sight, adjustment, by accurate dctcnninatiou of range, 
and by correctly indexing ammunition. 




Figure 7. Superelevation angle. 



27. Terminal Ballistics 

Terminal ballistics is concerned with the effect of the projectile on the 
target. This effect is determined by the characteristics of the projectile, 
fuze, and target. Different projectiles produce varying target effects, 

such as — 

a. Fragmentation. 

b. Penetration (kinetic energy or chemical energy) . 

c. Incendiary. 

d. Smoke. 

The tank commander selects the type of ammunition which will produce 
the greatest "killing" effect on the target. 
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PART THREE 
FUNDAMENTALS OF TANK GUNNERY 

CHAPTER 4 
TANK FIRE-CONTROL EQUIPMENT 



Section I. INTRODUCTION 

28. General 

This cliaptcr discusses the capaljilities and limitations of fire-control 
equipment and liow tliis equipment is adjusted and used in accurate and 
rapid target engagement. Sinec use of fire-control equipment must also 
include an understanding of angular measurements, tlie mil and mil 
relations as they apply to lank gunnery also arc discussed. 

29. Essentials of Good Gunnery 

A thorough knowledge of firo-conti-ol equijiincnt, its use, and its ad- 
justment is essential to good gunnerj'. Fire-control equipment includes 
ranging and sigiiting equipment, which enables tiie gunner to see and aim 
at targets; auxiliary fire-control equipment, wliich permits the gimner 
to engage targets he cannot sec; observation and \'ision devices, A\;lncli 
allow tank crewmen to obscr\-c targets and adjust fire; and various other 
types of equipment which aid in laying tank guns. 



Section If. THE MIL AND MIL RELATION 

30. General 

a. The mil is the basic unit of angular measurement used in tank gun- 
nery, because of the precise calculations and adjustments required. Tank 
weapons may be laid for deflection and elevation by moving the gun 
right (or left) and up (or down) a specified number of mils. Tank fire- 
control equipment is graduated in mils to conform to the mil mctliod of 
measurement. There are approximately 18 mils in one degree (1° equals 
17.777778 mils). 
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6. Tlie mil is a unit of angular measurement equal to 1 /6,400th part of 
a circle (fig. 8). One mil, for tank gunnery purposes, subtends a width 

(or lieight) of 1 yard at a range of 1,000 yards {fig. 9). When the sides 
of a 1-inil angle aru extended until they arc 2,000 yards long, the width 

at the ends of the lines is 2 yards. 

c. Tlie rclationshij) between tlic angle, the length of the sides of tlic 
angle, and the width between the sides remains constant. Figure 10 
dcnionstrates this constant relation as the angle increases from 1 mil to 2 
mils and tlie range increases from 1,000 yards to 2,000 yards. 




3200 0 

Figure S. There are G^OO mils in a circle. 




1000, yd 

Figure 9. Mil relaticm at 1,000 yards. 



22 



TAGO 10129-B, May 



Figure 10. The mil rclaiiim is constant — 
1 mil al IPOO yards equals 1 yard. 
1 viil at SfiOO yards equals 8 yards. 
3 mils at IflOO yards equals 2 yards. 
3 mils at 2ft00 yards cqvals 4 yards. 



31. Mil Relation 

a. The relatiotisbip between tlic size of the angle, the length of the 
sides, and the widtli between the ends of tlie sides is expressed as the 
IF 



mil relation, or: 



W 
R 



(fig. 11). 

TFidtli (or heiglit) in yards. 
Range in tiioustuids of yards, 
angle in mils. 



W 



W = WIDTH (OR HEIGHT) IN YARDS 
R = RANGE IN THOUSANDS OF YARDS 
1^ = ANGLE IN MILS 

Figure 11. The mil ralation. 



b. Since the mil relation is constant, other linear units of measurement 
such as meters, feet, or inches may be sxibstitiited for yards in expressing 
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widtli (W) or range {R); however, the relation holds true only if both 
W and R are expressed in that same unit. For example, if the sides of a 
l-mil angle are extended to 1,000 mctere, the width between the ends of 

the sides is 1 meter. 

c. The mil relation may be converted into a formula by removing the 
fautor that is to be determined. 

IF 

Thus, „ , beeomes IF = R \ it\ 
R iti 

or ii = — 
lift 

or ii\ — — ■ 

As a incnioi"y aid, the word WORM niav be used, meaning IK over Rxifi 
W 
R xfi 

32. Use of Mil Relation 

ft. The mil relation is used in tank gunnery to compute one of three 
elements — range, mil angle, or width. Wlien two of the elements arc 
known, the third may be determined. It siiould also be kept in mind 
that the mil relation holds true in either a horizontal or vertical plane 
(fig, 12). For angles less than 400 mils, the mil relation is accurate 
enough for use in computing firing data. 

b. Determining Range. 

(1) General. To determine range iR), tlic mil angle and the width 
must be known. Figure 13 illustrates a situation in which the 
tank commander at point A must determine the range to the 
target. 

Rcnicnibcr: Remove unknown: 

W TV 
ye X i/i ? X \ii 

(2) Procedure. 

(a) It is known that the enemy tank is a])proxiinately 7 yards 
long (IF). 

(b) Using his binocular, the tank connnander determines that the 
tank measures 10 mils 

(c) By removing the R factor from the mil relation: 

W W 
becomes R 
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Vf 



Figure 13. DelcTinining range to a target. 



id) Substitute the two known values for W and ifi and solve for R : 
W 7 

(e) Since R is in thousands of yards, multiply the answer (.7) by 
1,000: .7 X 1,000 = 700 yards, the range to the enemy tank. 

c. Determining Mil Angle. 

(1) General. It may be neccssai-y to solve for the mil angle 

when determining the safety factor for friendly troops (mini- 
mum elevation), when determining angle of site, or wiien the 
mil angle cannot l)e measured directly with instruments. To 
determine the mil angle (iti) , the range and width must be 
known. Figure 14 depicts a situation in which the tank com- 
mander at point A must determine the mil angle (iti) necessary 
to add a 5-yard safety factor to the top of the mask. 

Remember — Remove unknown — 

W W_ 

Bxid Bx'? 
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(2) Procedure. 

(a) Using the range finder or some otlier means of measurement, 
tlie tank commander determines that the range to the hill 

mask is 500 yards (R). 

(6) The heiglit above mask for troop safety is 5 yards (W). 
(c) By removing the lA factor from tlio mil relation: 

becomes ifi = 



Rxtti R 
{(1) Substitute tiic two known \-alues for W and R and solve for ifi : 

1)1 = -4- = 10 mils. 

d. Determining Width. 

(!) General. It may be necessary to solve for width (l^'^) when 
adjusting artillery fire, when adjusting tank fire from defilade, 
when determining clearance for bridges and underpasses, and 
when determining the difference in elevation between gun and 
target. To determine width using the mil relation, the mil angle 
and the range must be known. Figure 15 illustrates a situation 
in adjusting artillery fire. In order to correct for deviation, tiie 
tank commander at point A must determine the width {W) 
between the volley and his observer-target (OT) line. 

Eeniembcr — Remove unknown — 

W ? 
R X \i\ R X ijfi 




Figure 16. Determining width betvxen target and volley. 
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(2) Procedure. 

(a) The range from the observer to the target is 3,000 yards. 
(6) Using his binocular, the observer determines that the angle 
between tlie OT line and the volley measures 20 rails (vfi). 

(c) By removing the W factor from the mil relation — 

W 

= becomes IF = R-s.i1\. 

R xjfi 

(d) Substitute tlie two known values for R and i/i and solve for W. 
W = i£ X = 3 X 20 = 60 yards, the width between tlie 
OT line and the volley. 

33. Conversion Table 

The following conversion table will be of assistance in using tlic 
mil relation. The first column of figures sliould be used for quick conver- 
sion ; the second column for piteise calculations. 

To rontrrrt — MvUiply number by — 

j'anis to meters .9 or .914402 

meters to yard? 1.1 or 1.093611 

kiloiiiclci-s to miles 6 or .621370 

miles to kilometers 1.6 or 1,609347 

feet to meters .3 or 304801 

meters to feet 35 or 3.280833 

mils to degrees 06 or .056250 

degrees to mils 17.8 or 17.777778 



Section ill. BINOCULARS 

34. General 

Continuous evaluation of the terrain and actions of the enemy, through 
general observation, is a most important function of armor leaders. The 
binocular enables a tank commander to accomplish this observation. 
Tank crewmen use it for adjustment of fire, for locating targets, and for 
the measurement of small horizontal and vertical angles. 

35. Description of Binocular 

The binocular (fig. 16) is an optical instrument consisting of two tele- 
scopes hinged together for binocular vision. The reticle (fig. 17) in the 
left telescope has both horizontal and vertical scales. The horizontal 
scale is 100 mils wide, graduated in 10-mil intervals, with 50 mils right 
and 50 mils left of the center of the field of view. There are three vertical 
scales. Infantry use the vertical scale in the right half of the field of 
view in adjusting machine-gun fire; tankers use it only to denote the 
30-mil mark on the right portion of the horizontal scale. The other 
vertical scales, one above the center and one above the left edge of the 
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Figure 16. Binocular. 




Figure 17. Binocular reticle. 
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horizontal scale, consist of short horizontal lines 5 mils long and spaced 
5 mils apart vertically. These arc foi' measurement of vertical angles. 

36. Operation of Binocular 

a. Setting 1 nterim-pillani DistancG. To set tiie binocular so that the 
eyepieces arc the same disianee iipart as tlic eyes, open the binocular at 
the liinge and look througli the eyepiece at llie sky; then close the 
binocular until the two circles ajipcar as one sharply defined circle. Then 
note the reading on tlie inter]Hipillary scale. This reading remains con- 
stant for any i>articular individual, 

b. Focusing (Diopter Setting). 

(1) Set both diopter scales at +4 and, with both eyes open, look 
tlirough the eyepieces at a distant object. 

(2) Cup the pahn of one hand over tlie objective lens of one tele- 
scope and slowly turn the focusing nut of the other telescope 
until the object is clearly defined. Once the object becomes 
sharp, avoid any further turning of the focusing nut. 

(3) Reset the scale at +4 and follow this procedure for the same 
telescope a second time. Use the greatest plus reading of the 
two trials. 

(4) Repeat the procedure for the other telescope. It may be neces- 
sary to make a slight readjustment of the left eyc])iu(;e to 
define tiie reticle clearly. 

(5) Note the diopter scale reading for each eyepiece for future use. 

c. Observing. 

(1) Holding the binocular with both hands, press the eyepieces 
lightly to the eyes' (fig, 18). 

(2) The thumbs should be bent and held at the side of the eye 
sockets to prevent light from entering the eyes from the sides. 
Do not look througii the binocular any longer than necessary at 
one time. 

(3) When observing from a moving vehicle, look at a specific area 

for a short period of time, To examine a wide area, observe 
sections of the terrain at a time. Do not attempt to observe 
moi-c than the immediate field of view for each sighting. 

d. Use of Reticle. The reticle appears superimposed on the observed 

area. It is used to measure horizontal and vertical angles. Accurate 
measurement, to the nearest mil, is of primary importance. 

(1) Measuring horizontal angles {fig. 19). To measure the hori- 
zontal angle between two ]>oints, uio\-e the binocular so that 
both points are lined u]) along the horizontal scale. The number 
of mils between the two points is the horizontal angle. If the 
points arc 50 mils or less apart, place the zero graduation on one 
point and then read the number of mils to the other. If the 
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Figure IS. How to hold the binocular. 



jK)ints are between 50 and 100 mils apart, place one end gradua- 
tion on the point on that side and read the number of mils 
to the other point (remember that there are 50 mils between the 
end graduation and tlic zero graduation) . If the points arc more 
tiian 100 mils ai)art, select one or more points between them, 
make two or more lucasuremcnts, and add them together. If one 
point does not appear exactly on a graduation, interpolate the 
number of mils less than 10. 
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Figure 19. Measuring horizontal angle with binocular. 
The burst is SO mils right of the truck. 



(2) Pleasuring vertical angles (fig, 20). To measure the vertical 
angle between two points, move the binocular so that the bot- 
tom point is on cither the zero or the left (50) graduation of the 
horizontal scale. The number of mils between the bottom and 
the upper points, as read on the vertical scale, is the vertical 
angle. Interpolate between the 5-mil graduations. To measure 
larger angles (over 20 mils), tilt the binocular sideways and use 
the horizontal scale. 

37. Care and Preservation of Binoculars 

a. Care. The binocular requires careful handling. It should be fre- 
quently inspected for moisture, dirt, fungus, grease, and damaged or 
titled reticles. Adjust the carrying strap so that tlie binocular will rest 
on the chest. In this position it is quickly available and is less likely to 
swing and strike against the turret or otiier parts of the tank. The 
binocular is kept in its carrj'ing case when not in use. 
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b. Cleaning and Preservation. Wipe ttie binocular dry immediately 
after use in wet weather. The lenses are made of soft glass and coated to 
reduce reflection. The only authorized lens cleaning materials are lens 
tissue, lens soap, and camd's-hair brush. Use saddle soap to preserve 
the leather. 

c. Disassembly. The eyeguards may be removed to facilitate use of 
the binocular by personnel wearing glasses. Further disassembly will 
be performed by Ordnance personnel only. 



Section IV. DIRECT-FIRE SIGHTS 

38. General 

a. Direct-fire sights arc optical devices used to lay the gun for eleva- 
tion and deflection when the target is visible through tiiese sights. 
Dircct-firc sights have the following characteristics; 

(1) Move with the gun. 

(2) Incorporate a gun-laying reticle. 
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(3) Have provision for borcsighting (reticle movement) . 

(4) Provide reticle illumination. 

6. Dircct-firc sights arc mounted for use by the tank commander and 
gunner. The gunner usualh'- lias two sigliting systems, a primary and a 
secondary system. The tank commander's dircct-fire sight is normally 
used to designate targets and to lay the gun for deflection. Types of 
dircct-fire sights are telescopes, periscopes, and range finders. 

39. Periscopes 

Periscopes (fig. 21) normally provide two separate fields of view — 
one a magnified field with superimposed reticle for use as a direct-fire 
sight, the other a nonniagnificd field for observation purposes. 




KNO» 

Figure 21. Periscope. 

40. Telescopes 

Telescopes (fig. 22) provide a magnified field of view with super- 
imposed reticle. They are tubular in shape and fixed in a telescope 
mount which in turn is fixed to the combination gim mount. 
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HtOMT MOUNTING CCXIAR 




ADJUSTi^LE EYE PIECE 
ANO nOPTER SCME 



Figure ^2. Telescope. 

41. Range Finders 

Some tanks arc equipped with a range finding device (fig. 23) or 
instrument for use by the gunner or tank commander as a meaus for 
determining range and as a direct-fire sight. 




RANGE KNOB 

Figure 23. Range finder. 

42. Direct-Fire Control Systems 

Direct-fire control systems vary and are peculiar to the models and 
types of tanks. The systems may be eitlier telescope sight mounted 
coaxially with the gun, range finder-computer-periscope with necessary 
linkage, periscope-ballistic unit and necessary linkage, or range finder 
alone. Figure 24 illustrates a representative direct-fire control system. 
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43. Sight Reticles 

Sight reticles are of various types. In present use are the standard 
dasli pattern and gun-lay reticles. The standard dash pattern reticle 
(fig. 25) is graduated for a particular ammunition type. The center of 
the boresight cross rejiresents zero range and zero deflection and is used 
when borcsighting. The gun-laying reticle (fig. 26) contained in other 
direct-fire sights can be used with any type of ammunition. The aiming' 
cross in the center of the reticle is used to boresight and to fire the 
initial round at stationary targets. Both reticles incorporate vertical 
(range) lines and horizontal (lead) lines. 

44. Direct Laying 

Direct laying takes place when the tank gun is fired against targets 
which can be observed through the direct-fire sights. The sight reticle 
is used for direct laying of the gun. To lay the gun on a target, the 
gininer, by use of the power or manual controls, traverses and elevates 
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1} 2 MILS 

1 MILS \ 

I 



2</i MILS 

^ 5 MILS 5 MILS 




I 
I 

Figure S6. Gun-laying reticle. 

until tlic proper point of the siglit reticle is laid on the target. When 
traversing or elevating, he siioiild make the last motion of the gun in 
the same direction each time. Tiiis eliminates lost motion. 



Section V. SIGHT ADJUSTMENT 

45. General 

Accurate sight adjustment is fundamental in tank gunnery; it is 
im]>os3iblc to fire accurately without it. It includes boresighting, zero- 
ing, and verification of the zero. 

46. Boresighting 

Boresighting provides the basis for all sight adjustment. It is per- 
formed periodically to insure the greatest possible accuracy. Bore- 
sighting establishes a definite relationship between the axis of the gun 
bore and the lines of sight for all direct-fire sights. This is accomplished 
by alining the axis of the gun bore on a definite aiming point on a target 
at a prescribed range. Without disturbing the alinement of the gun, the 
aiming or boresight cross of the sights is moved to the same definite 
aiming point (fig. 27) . For accuracy, the tank should be level to elimi- 
nate cant error (par. 496) and superelevation must be removed from 
the sights. 

47. Zeroing 

Zeroing adjusts the sights so that tlie point of aim and the point of 
strike of the projectile coincide at a known range. It compensates for 
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Figure 37. Boreaightijig. 



certain variables which affect accuracy such as tube wear, jump, pro- 
jectile drift, and climatic conditions. The steps in zeroing (fig. 28) are 
as follows: 

a. Borcsight. 

6. Select a well-defined point in the target area at a range as near 
1,500 yards as possible. 

c. Determine the range to this target by tlie most accurate means 

available. 

d. Using the known tank-to-targct range, make a precise lay on the 

target. 

e. Fire a clearly visible group of three rounds, using shot ammunition. 
Re-lay the gun after each round to obtain the same siglit picture. 

/. Lay the gun on the same aiming point. Then, without disturbing 

TAGO 10129-B, May 30 



the gun lay, move the aiming cross or appropriate range line to the 
center of the shot group. 

g. Use the manual controls to traverse and/or elevate the gun to lay 

the sight back on the aiming point. 

k. Fire one or two check rounds. The check rounds should strike 
\i'ithin a prescribed distance, for the particular gun, from the point 
of aim. 

i. Record the zero settings. This is an established zero. 




SHOT 
GROUP 



a. FIRE A THREE TO FIVE ROUND SHOT GROUP, USING 
THE CENTER OF THE TARGET AS AN AIMING POINT. 





c. RE-LAY THE GUN USING THE MANUAL CONTROLS 
AND FIRE A CHECK ROUND. 

Figure SS. Zeroing. 



CHECK 
ROUND 
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48. Verification of Zero 

Periodic cliecks of the gun zero are made by boresighting and indexing 
the established zero setting. A check round is then fired at a definite 
aiming point at a known tank-to-targct range. If the projectile strikes 
within the prescribed distance of the aiming point, the zero is correct. 
If the projectile fails to strike within tiie prescribed distance, fire addi- 
tional rounds and repeat the zeroing procedure. 

49. Effects of Drift, Cant, and Parallax 

Tiic factors of drift, eant, and parallax cause a certain amount of 
error in firing. These errors arc usually small at normal combat ranges 
and can be corrected in vaiying degrees by zeroing and adjusting fire. 

a. Drift is the deviation of the ]irojccti]e from the plane of fire. It is 
tlio result of the effects of rotation, iiir resistance, and gravity on the 
projectile. The rotation imparted to the projectile by the rifling of the 
bore causes the round to drift in the direction of the rotation. This is 
usually to tlic right, since most bores are rifled with a right-hand twist. 
Telescope sights correct for drift by use of offset range lines; however, 
periscope sights do not compensate. Proper zeroing results in full com- 
pensation for drift at the sight zeroing range and partial compensation 
at normal combat range. When firing is at long ranges, as In indirect 
fire, data from firing tables can be used to compensate for drift. 

b. Cant is the inclination of the gun trunnions from the horizontal 
when the ground is not level. This causes increasing deflection and range 
error in the direction which the tank is canted, as the target range 
increases. The best way to avoid cant is proper selection of positions — 
on level ground whenever possible. When it is necessary to fire with 
caut, error may be avoided by taking a corrected sight picture (fig. 29) 
for the initial round. 

c. Parallax is the apparent dilTorciice in the position of an object 
when it is \-iewed from two different points. In tank gunnery, parallax 
crior is caused by a sight that is offset from the gun tube, such as a 
periscope. This error is correctiblc at the zeroing range; however, it is 
of small consequence at normal combat ranges. Parallax error is also 
caused by not positioning the eye to the sight in the same manner for 
each sight picture. This is correctiblc through training and proper 
iuijustincnt of the headrest. 
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Section VI. TANK-MOUNTED AUXILIARY FIRE-CONTROL 

EQUIPMENT 



50. General 

Auxiliary fire-control instruments are usctl to lay the gun when tiie 
target cannot be engaged by use of the direct-fire sigJits. These aux- 
iliary instruments include quadrants, azimuth indicators, aiming circles, 
and compasses. 

51. Quadrants 

Quadrants arc used to measure the gun elevation angle. They may 
be moxmted in the turret on the ballistic drive or gun mount, or carried 
in a case and set on the breech ring when in use (fig. 30) . Whatever the 
tj'pe, all quadrants incorporate an elevation scale and index for coarse 
adjustment, a micrometer scale and index for fine adjustment, and a 
leveling vial to indicate true horizontal. All measurements are taken 
from tiie true horizontal; therefore the elevation scale and micrometer 
scale must be used in conjunction with the leveling vial. Quadrants are 
clieckcd |3eriodicalIy to determine their accuracy. Inaccurate quadrants 
must be adjusted, repaired, or replaced. 

52. Azimuth Indicators 

a. Azimuth indicators (fig. 31) are used to lay the gun for direction 
and to measure horizontal angles. They are mounted on the turret ring 
gear in a position which permits thcui to be viewed by the gunner. There 
are two scales — an azimuth scale graduated in 100-mil increments and a 
micrometer scale graduated in 1-niil increments. There are three pointers 
— an azimuth pointer and a micrometer pointer, both of which are adjust- 
able, and a directional pointer. The directional pointer indicates the 
amount of turret traverse measured from the front center of the tank 
hull and is nonadjustable. To use the azimuth indicator, lay the gun on a 
reference point or aiming point by use of the direct-fire sights or the gun 
tube. Push down the resetter knob and rotate it to move the azimuth and 
micrometer pointers to zero, then release it. Any subsequent turret 
rotation will be indicated on the azimuth and micrometer scales. For 
small shifts in deflection, rotate the gunner's aid to index the zero of its 
scale opposite the micrometer pointer, then traverse the turret in the 
desired direction until the micrometer pointer indicates the required 
deflection angle. 

b. Azimuth indicators are checked periodically for accuracy. Since 
no error is allowable, inaccurate instruments will be sent to Ordnance for 
repair or replacement. 
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INDEX PLUNGER 



' SHOE 



AUXILIARY INDEX MMKS 



Figure SO. Two types of quadrants. 
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53. indirect Laying 

Indirect laying takes phicc when the tank gun is fired against targets 
which cannot be observed through the direct-fire sights. 

a. To lay the gun for elevation, convert the range to a quailrant eleva- 
tion, using a firing table, ballistic unit, or computer. Index the quadrant 
elevation on the quadrant, using the elevation and micrometer scales. 
For example, to lay the gun on a quadrant elevation of plus 135 mils, 
index plus 100 mils on the elevation scale and ])lus 35 on the micrometer 
scale; then move the gun luitil the bubble in the leveling vial is centered. 
Apply subsequent elevation covreetions by adding or suljtracting the 
number of mils to or from the initial elevation, setting the sum or dif- 
ference on the elevation and/or mieromctcr scales, and centering the 
bubble in the leveling ^'ial. If a subsequent elevation correction is 
given as a pure quadrant elevation, apply this setting to the elevation 
and micrometer scales and center the bubble. 
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b. To lay the gun for deflection, zero the azimuth indicator on a refer- 
ence point. Then traverse tlie turret until the correct deflection reading 
is siiown on tiic azinmtii and niicranicter scales of the azimuth indicator. 
Traversing the gtm to the right moves the pointers clockwise; travci-sing 
to the left moves the pointers counterclockwise. Tlie gunner's aid is 
used to make sulisequent deflection shifts of 50 mils or less. After laying 
the gun for deflection initially, phicc the zero of the gunner's aid opposite 
tlie micronictci- jjointer. Small deflection shifts can now be made with 
reference to the zero of the gunner's aid. Do not set the micrometer 
[rointer back to zero after each shift, but move the zero of the gunner's 
a,id to a position opposite the pointer. To make subsequent shifts of 
more than 50 mils, add or subtract the subsequent shift to or from tlic 
initial deflection, and traverse until (he azimuth and micrometer pointers 
indicate the correct reading. 

54. Vision Devices 

Although not used to directly control the fire of tank guns, vision 

devices are utilized for reconnaissance, observation, and adjustment of 
fire. Examples of vision devices are periscopes and the vision blocks in 
the cupola and driver's hatch. 

Section VII. AIMING CIRCLE 

55. General 

The j\'I2 aiming circle is an auxiliary fire-control instrument for meas- 
uring azimuths and angles of site and for general survey work. In tank 
gunnery, the iiiming circle is used to lay tanks parallel and for the prepa- 
ration of firing data. 

56. Description of Aiming Circle 

The M2 aiming circle (figs. 32 and 33) has four main parts — telescope 
assembly, compass assembly, azimuth mechanism, and leveling assem- 
bly. Accessory equipment includes a tripod, a back plate and canvas 
cover, an instrument light, a plumb bob assembly, a lamp holder and 
remover, and a cover for the aiming circle. 

a. Telescope Assembly. This assembly consists of a 4-power, fixed- 
focus instrument with a leveling dc\'ice. The telescope is pi\ oted above 
tlie compass l)ox and may be moved through a vertical angle of —400 
mils to -fSOO mils by turning the telescope elevating knob. The eleva- 
tion scale is graduated every 100 mils from —4 to +8. The eic\'ation 
micrometer scale is graduated in mils from 0 to 100 and is numbered 
every 10 mils. The telescope has a reticle (fig. 34) with vertical and 
horizontal mil scales; those scales are graduated in 5-mil increments, 85 
mils in each direction from the center. The reticle can be illuminated 
for night use. 



46 



T.AGO I0129-B, May 




Figure 32. Aiming Circle, M2, wiLh equipment. 



b. Comjwss Assembly. The magnetic coiajjass is located in the oblong 
recess in the top of the main liousing. A rectangular glass reticle is located 
at one end of the compass recess. A magnifier which is set in the wall of 
the housing enables the observer to aline the end of the compass needle 
with the line of the reticle. 

c. Azimuth Mechanism. The azimuth nicchanism consists of an azi- 
muth micrometer scale and an azimuth scale. The azimuth scale has two 
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scales which are graduated at 100-miI intervals and numbered everj' 
200 mils. The ujiper scale is graduated from 0 to 6,400. Tlie lower scale, 
graduated from 0 to 3,200, parallels the 3,200-t),400 upper graduations. 
The aziiiiutli niicronietci- scale is hjcated on tlic azimuth knob. It is 
graduated in mils and is numbered every JO mils from 0 to 100. The 
azimuth knob {slow upper m(3tioii) is used fur fine adjustments. A 
fclirowout lever is used for fast upjicr motion. Two orienting knobs con- 
trol the slow lower motion. A tlirowout lever is provided for fast lower 
motion. 

d. Leveling Assembly. Tlie leveling assembly is jirovided for fine 
le\eling adjustments. It consists of a base plate and throe leveling 
screws. 
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Figure SS, Aiming Circle, MS. 
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Figure. S//. Telescope Jtciicle, Aiming Circle, M2. 



57. Operation of Aiming Circle 

0. Setting Up Aitning Circle. 

(1) Unsei-cw the tripod head cover and unstra]) the tripod legs, 
lyooseii the leg claiii]) tlmmliscrcws, and extend tlie lower legs to 
the desired Icngtli. Tighten the thumbscrews, and bed each leg 
fii'nily in the ground. 

(2) Unsnaj) the aimhig circle cover latches; remove the cover. Open 
the base plate eo\'er asscmblj^, and thread tlic tripod screw into 
the aiming circle until it is firmly seated. Ciicck the circular 
level on the aiming circle, and readjust the tripod legs until the 
level is approximately centered. 

(3) If the instrument is to be oriented with respect to a particular 
grid point, remove the i>lumb bob assemblj' from the canvas 
cover and hang it on the ti ipod hook. Adjust the position of the 
tripod legs until the plumb bob hangs directly over the grid 
point. 
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(4) Turn the aiming circle leveling screws until tlic circular level 

bubble is centered. Then I'otate the aiming circle and, using 
the cylindrical level, make fine adjustments witli the leveling 
screws at selected azimuth settings until the (sylindrical level 
bubble rcmuins centered tiirinighout 6,400 mils of travel. 

(5) With the aiming;; circle in a level position, turn the elevation 
scale anti micrometer to zero. Note the position of the bubble 
in the level attached to the telescope body. It should be cen- 
tered. If it is not, the instnmient should be adjusted by Ord- 
nance personnel. 

b. Objects Afjecting Operation oj Aiming Circle. The aiming circle 
will not operate properly when it is too close to metallic objects, 
especially wires carrying electricity. Such metallic objects as steel hel- 
mets, small arms, and binoculars should be moved away from the instru- 
ment. For proper operation, the aiming circle should be set up at least 
the distance shown from the following objects: 

High-tensiou povrcr Hues 150 yards 

Tanks or other jirmorcd vehicles 75 yards 

Trucks or telegraph wires 40 yards 

Bnrbed wire 10 yar<ls 

58. General Uses of Aiming Circle 

a. General. Compass instruments indicate direction with respect to 
magnetic north only; therefore, to use the aiming circle properly, it 
is necessary to know tiie following definitions and procedures: 

(1) Magnetic north is the direction indicated by the magnetic 
needle of a compass. 

(2) Grid north is the north direction of the grid line of a map or 
grid. 

(3) Azimuth is a horizontal angle njeasured clockwise from a north 
direction. 

(a) Grid azimuth is the clockwise angle from grid north to a 

definite point. 

(b) Magnetic azimuth is the clockwise angle from magnetic 
north to a definite point. 

(4) Declination constant (fig. 35) is the horizontal clockwise angle 
from grid north to magnetic north of a particular instrument; 
this will vary for difTerent localities and for different instru- 
ments. Declination constant, thei'cfore, is a combination of the 
grid-magnetic angle and the variation of the instrument. 

(a) To dcclinate an instrument is to determine the declination 
constant of the instrument. 

(6) To convert magnetic azimuths to grid azimuths, the declina- 
tion constant must be applied to the compass reading. 
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MAGNETIC NORTH 




DECLINATION CONSTANT IS THE HORIZONTAL CLOCKWISE ANCLE FROM GRID 
NORTH TO THE NkAGNETIC NORTH DIRECTION OF A PARTICUUR INSTRUAAENT. 



Figure So. Declination ctinsluiU. 

b. Measuring Horizontal A7ujles. 

(1) Set up and level the aiming circle. 

(2) Zeio the azimuth and micrometer scales. 

(3) Using the lower motion, turn the head of the instrument to the 
general location of the point from whicli the angle is being 
measured. 

(4) Siglit through the telescope; using the slow lower motion, place 
the intersection of the tiorizontal and vertical lines of the 
reticle on the point from which the angle is being measured. (To 
eliminate lost motion, always make the last movement of the 
vertical line in the same direction.) 

(5) With tlie upper motion, bring the vertical line of the reticle on 
the point to wliicli the angle is being measured . 

(6) The reading on the azimuth and micrometer scales is the angle 
between the points. 
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c. Measuring Vertical Angles. 

{1) Small vertical angles. 

{a) Level the instnimciit. 

{b) Lay the intersection of tlic liorizontal and vertical lines in 

the reticle on one jioint of the object to be lUCAsurcd. 
(c) Read the angle to tlie other point by use of the vertical scale. 

(2) Large vertical angles. 

(a) Level the instrument. 

(b) Turn the telescope elevating knob until the liorizontal line 
of the reticle is on the lower object. Record the indicated 
reading. 

(c) Turn the elevating knob until the horizontal line is on the 
upper object. Record the indicated reading. 

(3) If both readings are plus or both minus, subtract, and the dif- 
ference is the vei-ticiil angle. If one reading is plus and the other 
minus, add the two readings to get the vertical angle. 

d. Measuring Angles of Site. 

(1) Level the instrument. 

(2) Lay the vertical line in the telescope reticle on the point to 
which you wish to measure the angle of site. 

(3) Level the telescope by centering the bubble in the telescope 
assembly. Check to insure that the elevation micrometer scale 
is zeroed. 

(4) Turn the telescope elevating kjiob until the horizontal line is 

on the object. 

{5) Head the angle of site from the elevation scale and micrometer 
scale. If the reading is plus, the angle of site is plus; if the 
reading is minus, the angle of site is minus. 

e. Measuring Magnetic Azimuths. 

(1) Level the instrument. 

(2) Zero the azimuth and micrometer scales. 

(3) Kcloase tlie magnetic needle. 

(4) Look through the reticle of the magnetic needle magnifier; using 
the lower motion, aline the center vertical line with the base 
or large end of the magnetic needle. 

(5) Lock the magnetic needle. 

(6) Look through the telescope; using the upper motion, place the 
intersection of the horizontal and vertical lines on the point to 
which the azimuth is being measured. 

(7) Ecad the angle from the azimuth and micrometer scales. 
/. Measuring Grid Azimuth. 

(1) Level the instrument. 
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(2) Set the declination constant on the azimuth and micrometer 
scales. 

(3) Release the magnetic needle and center it, using the lower 
motion. 

(4) Lock the magnetic needle. 

(5) Look through the telescope; using the upper motion, place the 
intersection of the iiorizontai and vertical lines on the point to 
which the grid azimuth is being measured. 

(6) Read the angle from the azimuth and micrometer scales. 

59. Laying Tanks Parallel 

When firing indirect, tanks are laid parallel ; that is, regardless of the 

position of the tanks, all gun tubes are parallel. The purpose of this pro- 
cedure is to insure coverage of the target area and to allow control of 
the fire of all tanks by a single command. Tankers may use any one of 
three methods to lay tanks parallel. 

a. Tanks and Target Visible. When both the tanks and the target area 
are visible to the aiming circle operator, the following procedure may be 
employed (fig. 36) : 

(1) The operator levels the aiming circle and zeros the azimuth and 
micrometer scales. Using the lower motion, he sights on the 
target. He then commands AIMING POINT THIS INSTRU- 
MENT, DIRECTION OF FIRE . . . (point). 

(2) Each gunner sights through his gun tube on the telescope of the 
aiming circle and sets his azimuth indicator at zero. 

(3) Using the upper motion, the operator lays the cross hairs of the 
telescope reticle on the center of the gun muzzle of Tank No. 1. 

(4) The operator reads the lower azimuth scale and micrometer 
scale and announces the reading : for example, DEFLECTION 
NUMBER ONE, ONE THREE FOUR ZERO (reading must 
be taken from the lower scale so that it will be less than 3,200 
rails). The process is repeated for each tank. 

(5) Each gunner now traverses his turret until the azimuth indi- 
cator reading is tlic announced deflection. The tank guns are 
now laid parallel. Since the azimuth indicator is graduated into 
two 0-3200 parts, the gunner must know the direction of fire 
so that he can use the appropriate part of the scale. 

(6) Gunners now zero their azimuth indictaors, and aiming stakes 
are set out for each tank. 

b. Laying on Given Grid Azimuth. Upon receiving the command 
COMPASS . . . (the grid azimuth in mils), tanks arc laid parallel on a 
grid azimuth as follows : 

(1) The aiming circle operator subtracts the grid azimuth from the 
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declination constant of the instrument (6,400 mils is added to 
the declination constant if necessary). 

(2) With the instrument level, the operator sets the result on the 
azimuth and micrometer scales. Using the lower motion, he 
centers the magnetic needle. (The 0-3,200 line of the aiming 
circle is now pointing along the given grid azimuth.) 

(3) The operator then commands AIMING POINT THIS IN- 
STRUMENT, DIRECTION OF FIRE . . . (point). Tanks 
are then laid parallel by following the procedure outlined in a, 
above, (2) through (6). 

c. Reciprocal Laying. If an aiming circle is not available, tanks may 
be laid parallel by reciprocal laying (fig. 37). Procedure is as follows: 
(1) The center tank is alined on the target by use of aiming stakes. 
The gunner of the center tank then zeroes his azimuth indicator. 
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(2) On the command NUJ1BP:R TWO, LAY ON ME, the gunners 

of the center tank nnd the tank on the immediate right then 
traverse until both gmi tubes are exactly alined. The loaders of 
each tank sigiit through the tubes to accomplish alincnient. 

(3) The gunner of the center tank announces his azimuth indicator 
reading and points in the direction of fire: for example, DE- 




TANK 

#2 

ANGLE A IS AZIMUTH INDICATOR READING 
TO TANK #2 

ANGLE B IS MOVEMENT IN DIRECTION 

OF FIRE TO AZIMUTH INDICATOR 
READING OF ZERO 

Figure 57. Reciprocal laying. 
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FLECTION NUMBER TWO, ONE THREE FOUR ZERO 
. . . DIRECTION OF FIRE . . . 

(4) The gunner of the right tank indexes the announced reading on 
the azimuth indicator, using tlie scale opposite from the direc- 
tion of fire. He then traverees in the prescribed direction until 
zero is indicated on the azimuth indicator. The right tank is 
now laid parallel to the direction of fire. 

(5) The gunner of the center tank repeats the process to lay the 
left tank. The tanks thus laid then lay tanks on their flank in 
the same manner. 

60. Declinating Aiming Circle 

To declinate an aiming circle, a declinating station or point must 
first be established. This station is normally established by an artillery 
or engineer unit, by use of a transit. In the absence of an established 
declinating station, an instrument can be declinated for a particular 
locality on any line of known grid azimuth. After the line of known azi- 
muth has been determined, declinate the aiming circle as follows: 

a. Set up the aiming circle over one end of the line of known azimuth 
(which serves as a declinating station), and level tlie instrument care- 
fully. 

b. Set the azimuth and micrometer scales at zero, and center the 

needle with the lower motion. 

c. With the upper motion, turn to the point of known grid azimuth and 
record the reading. 

d. Repeat this process three times. Then subtract the average of these 
three readings from the known grid azimuth. (Add 6,400 mils to the 
knOAvn grid azimuth if the magnetic azimuth is greater.) The result is 
the declination constant for the instrument in that locality. 

e. Accuracy can be increased by having more than one point of known 
grid azimuth visible from the declinating station. When more than one 
point is available, take the reading to each point, compute the difference, 
and use the average as a declination constant. An example of this pro- 
cedure is illustrated in figure 38. The grid azimuth to point A is known 
to be 682 mils; the magnetic azimuth to point A is measured as 675 mils. 
Therefore, the difference between the grid azimuth and magnetic azimuth 
to point A is 7 mils. The grid azimuth to point B is known to be 2,136 
mils, while the magnetic azimuth is measured as 2,130 mils, a difference 
of 6 mils. The gi-id azimuth to point C is known to be 5,418 mils, and 
the magnetic azimuth is measured as 5,410 mils; the difference here is 
8 mils. The average difference is 7 mils (7 plus 6 plus 8 divided by 3), 
which is the declination constant of that aiming circle in that area. 
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POINT A 




21 - 3 = 7 POINT B I 



MEAN DECLINATION CONSTANT 7 

Figure 3S. Declinating tha aiming circle. 

61. Care and Maintenance of Aiming Circle 

a. Care of Aiming Circle. Proper care in liandliiig tlie aiming circle 
will insure the best possible service. 

(1) When the magnetic needle is not being used, lock it in place. 

(2) Stops are provided on instruments to limit the travel of the 
moving parts. IDo not attempt to force tlic rotation of any knob 
beyond its stop limit. 

(3) Keep the instrument us clean and dry as possible. Keep equip- 
ment coverccl when it is not in use. 

(4) Do not point the telescope directly at the sun unless a filter is 
used, as the heat of tiic focused rays may damage optical 

elements. 

(5) To prevent excessive wear of threads and other damage to the 
instrument, do not tighten leveling, adjusting, and clamping 
screws beyond a snug contact. 

fa. Maintenance of Aiming Circle. 

(1) Under normal operating conditions, clean the exposed metal 
surfaces of tlic tripod, and coat them witli a thin preservative 
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oil. When using the instrument around salt water or extreme 
moisturGj coat all unjiaintcd metal surfaces with a lanolin-basc 
lubricant. 

(2) The aiming circle has coated optics. The coating reduces the 
amount of light reflected from tlic lens surfaces; this results in 
a corresponding increase in the amount of light transmitted 
through the lenses. Avoid excessive rubbing of the optics, be- 
cause it will remove the coating. AViien cleaning the lenses of 
the telescope, use only the special issue lens soap, lens tissue, or 
other approved material. 

(3) Ordnance is responsible for all repairs on instruments. Only 
Ordnance personnel should disassemble and repair the aiming 
circle. 

Section VIII. COMPASS 

62. General 

The M2 compass (iige. 39 and 40) is used to determine azimuth or 
angle of site. The i)rincipal parts of this compass are the — 

(I. Compass body assembly. 

b. Angle of site niccliimism. 

c. Magnetic ucodlc tuid lifting mechanism. 
(I. Azimuth scale and adjuster. 

e. Front and rear sights. 
/. Carrying ease. 

63. Description of Compass 

a. Convpass Body Assembly. 

(1) In the compass body, a circular glass window covers and keeps 
dust and moisture from the interior of the instrument, thus pro- 
tecting the compass needle and angle of site mechanism. 

(2) A hinge assembly keeps the compass cover parallel with the 

body when ojicncd. A hole in the cover coincides with a small 
oval window in the mirror on the inside of the cover. A sighting 
line is etched across the face of the mirror. 

b. Angle of Site Mechanism. 

(1) The angle of site mechanism is attached to the bottom of the 
compass body. It consists of an actuating lever, located on the 
back of the compass body, and a leveling assembly with a tubu- 
lar elevation level and a circular level. The instrument is 
leveled with the circular level to read azimuth and with the 
elevation level to read angles of site. 
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Figure SO. Compass, MZside vieic. 



(2) The elevation (angle of site) scale and the four points of the 
compass, represented by three letters and a star, are engraved 
on the inside bottom of the compass body. The letters E and W 
are reversed to facilitate reading direction through the mirror. 
The elevation scale is graduated in two directions; in each direc- 
tion it is graduated from 0 to 1,200 mils in 20-mil increments 
and is numbered every 200 mils. 

c. Magnetic Needle and Lifting Mechanism. 

(1) The magnetic needle assembly consists of a magnetized needle 
and a jewel housing, which acts as a pivot. The north-seeking 
end of the needle is painted white. A thin piece of copper wire 
is wrapped around some needles to act as a counterbalance. 

(2) A lifting pin projects sliglitiy above the top rim of the com- 
pass bodj\ The lower end of the pin engages the nccdlc-lifting 
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lever. When the cover is closed, the magnetic needle is auto- 
maticallj' lifted from its pivot and held firnaly against tlic 
window of the compass. 

d. Azimuth Scale and Adjusler. 

(1) The azimuth scale is a circular dial geared to the azinuith scale 
adjuster. Tliis permits tlie azimuth scale to be rotated ajjproxi- 
matclj' 900 mils in eitlier direction. The aziuuith index, a small 
metal pin, provides a means for orienting the azimuth scale to 
the magnetic declination. 

(2) The azinnith scale is graduated clockwise in 20-mil increments, 
from 0 to 0,400, and is numbered at 200-inil intervals. 

e. Front and Rear Sights, The front sight is hinged to the compass 
cover, so that it can be folded into its bracket when not in use. The 
rear sight is made in two parts, a retu- sight and a holder. When the 
compass is not being used, tlie rear sight is folded across tlie compass 
body and the cover is closed over it. 

/. Carrying Case. This ease is made of leather and fits the general 
contour of the M2 compass. A loop on the back of tlic case permits its 
attachment to the user's belt. 

64. Use of Compass 

The i'I2 compass is an auxiliary fire-control insti'unicnt. It measures 
magnetic or grid azimuths, and angles of site. 

a. Measuring Horizontal Angles. 

(1) Using the compass sights, sight on the left extremity of the 
angle to be measured. 

(2) Note the reading on the azimuth scale. 

(3) Sight on the right extremity of the angle to be measured. 

(4) Subtract the first reading from the second (adding 6,400 if 
necessary) ; the difforciice is the desired angle. 

b. Measuring Magnetic Azitmtths. 

(1) Zero the azimutli scale by turning the azinuith scale adjuster. 

(2) Place the instrument on a post, nonnietallic stake, or similar 
object (this is necessary only for very precise measurements), 
and center tlie bubble in the circular level. 

(3) Looking through the sights, sight on the object. 

(4) Read the azimuth under the black end of the magnetic needle. 
(Reading the white end of tiie needle would give the back 
azimuth.) Use interpolation to get angles of less than 20 mils. 
(When holding the coini)ass in the hands, adjust the cover until 
the azimuth scale and the magnetic needle can be seen in 
the mirror.) 
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c. Measuring Grid Azimuths. 

(1) Set the known declination constant on the nzinuith scale by 
rotating the azinuith scale adjuster. 

(2) Measure the azinuitli as described in b above. 

d. Measuring Antjles of Site. 

(1) Place the cover in siicii a position that when you sight tiiroiigh 
the rear sight and the aperture in tlie cover, j'ou can see the 
bubble in the elevation level in the mirror. Turn the compass 
on its left side (with the elevation scale down). 

(2) Sight on the point wliose angle of site is to be measured. 

(3) Eotate the level lever (located on the back of the conijiass 
body) until the bubble in the elevation level is centered. 

(4) Read tiie angle on the elc^■ation scale opposite the index mark. 

e. Measuring Vertical Angles. To measure vertical angles, use the 
procedure described in d above to get two readings, one at each of the 
points between which the vertical angle is to be measured. The dif- 
ference between those readings is the vertical angle between the points. 

65. Care and Maintenance of Compass 

a. Handle the compass carcfuly; a\oid subjecting it to unnecessary 
shocks. Keep the com)>ass in the canying case when not in use. After 
using it in wet weather, wipe it dry before returning it to the canying 
case. When the instrument is moved from one position to another or is 
not in use, the compass cover should bo closed; this lifts the needle oflf 
its pivot and prevents injury to the pivot or jewel. Bo very careful not 
to bend the sights or the cover hinge. Fold the rear sight so that it lies 
flat on the compass window before closing the cover; failure to take this 
]>i-ccaution might result in a broken compass window. 

b. This instrument requires no lubrication. Clean it with a camcl's- 
hair brush, lens tissue paper, ethyl alcohol, and dry-cleaning solvent. 
Clean tlie metal parts with a clean cloth moistened with di"j' -cleaning 
solvent. Clean the glass parts with ethyl alcohol and clean lens paper. 
When cleaning the mirror, do not get alcohol on the edges of the mirror; 
it is set in putty, and alcohol might loosen this setting. Wipe all dust, oil, 
or other foreign substances off the currying case, using a damp (not wet) 
sponge. Allow the Icatlier to partially dry, then rub it vigorously with a 
soft dry cloth. 

Section IX. MISCELLANEOUS FIRE-CONTROL EQUIPMENT 

66. Aiming Data Chart 

a. Inasmuch as the standard dash pattern type of gun-laying reticle 
is calibrated for one type of ammunition only, the gunner must compcn- 
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sate for the difference in trajectory when he uses any other type of round. 
Normally, this correcjtion is determiiicd by use of the ballistic unit or 
conilHiter. However, should these devices be inoperative, an aiming data 
chart similar to the one shown in figure 41 serves to indicate the range 
adjustment. 

b. If aiming data charts are not available, giiiiners ean pi-cparc similar 
charts for any gun by comparing elevations as found in firing tables, 
ballistic units, and computers for the different types of ammunition. 
Aiming data charts are usually glued on tlic recoil guard of tlic gun. 

67. Firing Tables (Tabular) 

Firing tables arc printed for each caliber of tank gun. They include 
data for firing all standard types of ammunition. There are two general 
types of tabular firing tables. The first of these is the unabridged or 
complete firing table, which includes all known data pertaining to a given 
gun-ammunition combination. The second is the abbreviated firing 
table, which includes only tlic data shown in figure 42. Of these two 
types, the abbreviated is more commonly used in preparation for and 
conduct of tatik gun firing. 

68. Graphical Firing Tables 

a. Graphical firing tables are special type slide rules used in the prep- 
aration for and conduct of artillery fire, including tank gun fire. Each 
consists of one or more rules, on which are printed certain ballistic data, 
and an indicator. 

b. For details of design and use of graphical firing tables, see TM 
9-525. 

69. Aiming Posts 

Aiming posts are used as reference jwints in indirect fire. If nccessaiy, 
they may be constructed from any straight wood or metal polo. During 
darkness or other conditions of poor visibility, a shielded flashlight may 
be taped or tied to the post for easy identification. 

70. Observation Telescopes 

Observation telescopes are oi)tical instruments issued for the purpose 
of providing a greatly magnified field of view for detailed examination of 
targets or terrain. They are usually mounted on a tripod. Some have 
interchangeable eyepieces providing a selection of magnification from 
lOx to 30x. No rcticl<; is provided in observation telescopes. 
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EXTRACT FROM FIRING TABLE 

Shell, HE-T, T91 

Fuza PD, MSI AS Muule Velocity, 2400 F/S 



Range 


Elevation 


Elevation 


Vertical 


Vertical 


Drift 




1 Mnu V 




Probable 








F 




Error 








100 yd Ra 


ge Change 






yd 


mil 


mil 


ft 


ft 


ft 


0 


0.0 


.8 


0.0 


0.0 


0.0 


100 


0.8 


.9 


0.3 


0.1 


0.0 


200 


1.7 




0.5 


0.1 


0.0 


300 


2.6 


.9 


0.8 


0.2 


0.1 


400 
. ■ 


3.5 


.9 


1.1 


0.2 


0.1 


300 


4.4 


.9 


1.4 


0.3 


0.2 


600 


5.3 


1.0 


1.7 


0.4 


0.3 


700 


O.J 






n A 


n 4 


800 


7.3 


1.0 


2.3 


0.5 


0.6 


900 


8.3 


1.0 


2,6 


0,5 


0.7 


1000 


9.3 


1.0 


3.0 


0.6 


0.9 


1100 


10.3 


1.0 


3.4 


0.7 


1.1 


1200 




1 . 1 


J./ 


U./ 


1 .4 


1300 


12.S 


1.1 


4.1 


0.8 


1.6 


1400 


13.A 


1.1 


4.S 


0.8 


1.9 


1500 


14.7 


1.1 


4.9 


0.9 


2.2 


1600 


15.8 


1.1 


5.3 


1.0 


2.4 


1700 


17 n 




3.0 


1.0 




1600 


18.2 


1.2 


6 


1.1 


3.4 


1W0 


19.4 


1.2 


7 


1.1 


3.8 


2000 


20.6 


1.2 


7 


1.2 


4.3 


2100 


21.8 


1.2 


8 


1.3 


4.8 


2200 


23 1 


1 .J 


o 
o 


1 .3 


3.4 


2300 


24.4 


1.3 


9 


1.4 


5.9 


2400 


25.7 


1.3 


9 


1.4 


6 


2S00 


27.1 


1.4 


10 


1.5 


7 


2600 


28.5 


1.4 


11 


1.6 


8 


2700 


29.9 


1.4 


11 


1.6 


9 


2800 


31.3 


1.5 


12 


1.7 


10 


2900 


32.8 


1.5 


13 


1.7 


10 


30OO 


34.3 


1.5 


14 


1.8 


11 


3100 


3S.8 


1.6 


14 


1.9 


12 


3200 


37.4 


1.6 


13 


1.9 


13 


3300 


39.0 


1.6 


16 


2.0 


14 


3400 


40.7 


1.7 


17 


2.0 


14 


3S0O 


42.4 


1.7 


18 


2.1 


17 



Figure 42. Tabular firing table (nbbrevvttcil). 
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CHAPTER 5 
RANGE DETERMINATION 



Section I. INTRODUCTION 

71. General 

The greatest potential cause of error in tank gunnery is range determi- 
nation. Wlicn a tank crewman enn determine range accurately, the 
probability of obtaining a target liit is great] increased; speed and 
accuracy in firing the first round will produce the desired result. 

72. Methods of Determining Range 

The methods of determining range are — range finders, cstiniation by 
eye, binocular and mil relation, niajis and photomaps, intersection, regis- 
tration, and information from friendly troops. These methods have 
varying degrees of accuracy. The method used is dependent on the 
equipment or means available and tlic threat tliat the target presents. 
The best method in any given situation is the one whieli gives tlic most 
accurate range consistent with tlie amount of time available. Wlien tlie 
range finder is available, it is the best and most accurate method of 
determining range; however, it is not mounted on all tanks, or it may 
become inoperative. Therefore, tank crewmen must become proficient 
in all methods of determining range. 

Section II. METHODS OF RANGE DETERMINATION 

73. Range Finders 

On tanks so equipped, range finders arc the primary method of range 
determination for tank crewmen. The value of the range finder lies in 
the increased probability of hits at ranges beyond 1,000 yards. The 
maximum time required for a trained operator to range on a target is 
five seconds or less. A tank crew can expect first-round hits on visible 
targets when the range has been determined by a range finder, 

74. Estimation by Eye 

Estimation by eye is the most rapid but least accurate method of 

determining range. This metliod requires a great deal of training. Train- 
ing must be continuous to maintain the proficiency necessary to estimate 



66 



TAGO 10I29-B, May 



range b}'^ eye with any degree of accuracy. Accuracy is also greatlj' 
influenced by tlie distance to the target. As the range to the target 
increases, accuracy decreases at a very rapid rate. In estimating tank- 
to-target range, the tank crewman habitually employs some form of 
mental yardstick. This yardstick is in multiples of hundi-eds of yards 
(meters) to agree with the graduation on direct-fire sights. However, in 
order to apply this yardstick with luaxiuiuin effectiveness, the crewman 
must be aware of certain factor which influence its application. These 
factors are nature of the target, nature of the terrain, and light con- 
ditions. 

a. Nature of Target. A target of regular outline, such as a house or 
vehicle, appears to be closer than it actually is; while a target of irregular 
outline, such as a clump of trees or camouflaged position, appears to be 
more distant than it actually is. When the target is in contrast to the 
background, it appears nearer because the target outline is more clearly 
defined. If the target blends with the background, it appears farther 
away because it is more difficult to distinguish the target outline (fig. 
43) . The amount of target visible also affects the estimate. When the 
entire target is in view, it appears closer. When only part of the target 
is visible, it appears to be more distant (fig. 44). 

b. Nature of Terrain. Since projectiles travel through the air from gun 
to target, the range to be estimated is the air-line distance and not the 
ground distance. The eye, however, tends to measure the ground dis- 
tance. In figure 45, the distance between points A and B appears greater 
than the distance between points B and C because the eye has followed 
all the detail of the lines between A and B ; actually, the distances are 
the same. In the field, the observer's eye unconsciously tends to follow 
the irregularities which vegetation and terrain conformation give to the 
ground line, thus resulting in overestimation of the range. Conversely, in 
observing over smooth terrain such as desert, water, or snow, or in any 
other situation where there is little to distract the eye, the tendency is 
to underestimate the range. 

c. Light Conditions. The more clearly a target can be seen, the closer 
is appears. A target seen in the full light of the sun appears to be 
closer than the same target seen at dusk or dawn or through smoke, fog, 
or rain. The position of the sun with relation to the target also affects 
the apparent range. When the sun is behind the viewer, the target is in 
full light and easy to see and thus appears to be closer than it actually is. 
However, when the sun is behind the target and tlie viewer is looking 
into tlie sun, the target is more difficult to see and appears to be 
farther away. 

75. Binocular and Mil Relation 

The binocular and mil relation (pars. 30-36) are useful in deliberate 
range determination. To use this method, the width or height of the 
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target or objects in the vicinity of the target must be known. Measure 
the known width or height with the binocular mil scale, substitute the 
mil relation, and compute the range. Accuracy of this method depends 
on knowledge of target dimensions and the ability of the individual to 
make precise measurements witli the binocular. The mil relation may be 
used in constructing a range determination chart as illustrated in fig- 
ure 46. 

a B C 

...... Mu++ 



Figure 45, Measuring grouiid dialanco. la line A-B lunger than lim B-C? 

76. Maps and Photomaps 

When a tank commander has located Ijoth his tank and the target on 
his map or ])hotomap, he can measure the distance between them. He 
then apijlies this measured distance to tlie graphic scale on his map or 
photomap and obtains tlic range. The accuracy of this method depends 
on tiic ability of the individual to pinpoint both tank and target. 

77. Intersection 

When time and equipment are available, intersection is an accurate 
method of determining range (fig. 47). To use this method, establish a 
triangle using tlic target as tlic apex. Place an angle-measuring instru- 
ment at each end of the known base of tlic triangle. Measure the interior 
base angles. Subtract the sum of these two base angles from 3,200 mils. 
(The sum of the interior angles of a triangle is 3,200 mils.) Substitute 
known values in the mil relation and determine the range to the target, 

78. Registration 

Tlic most accurate method of determining range, when firing a par- 
ticular weapon, is registration by that weapon. This is accomplished by 

firing on a target until it is hit. However, it may not be practical to use 
this method, since it discloses the position of the weapon and may 
require an excessive expenditure of ammunition. 
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RANGE DETERMINATrON CHART 



Mri MEASUREMENT 


) 


2 


3 


A 


5 


6 


7 


a 


9 


10 


Aggrsisor 

Mfldjum 

Tank 


LENGTH 19.7' 


6600 


3300 


2200 


1600 


1300 


1100 


900 


800 


700 


700 


WIDTH— 9.8' 


3300 


1600 


1100 


800 


700 


500 


500 


400 


400 


300 


W/////. 




^/// 


y/A 


V/, 






y/A 


y4 


y/A 


y/A 




Aggrtiior 

HMvy 

renli 


lENCTH— 22' 


7300 


3700 


2400 


1800 


1500 


1200 


1000 


900 


800 


700 


WIDTH— 10.1' 


3700 


1800 


1200 


900 


700 


600 


500 


500 


400 


400 



NOTE: AbovQ chgrt may be uied to facilitalB uimg mil formula as a means of determining range. This 
chart may be made readily accessible by placing it in o canvenient location in the tank commander's 
cvpele. 

USE; 1. Measure mil angla of target with binocular. 
3. Dottrmin* lyp* of target. 

3, Range to target to nearest 100 yards is found by the mil measuremant. 

Figure ^6. A range dalormination chart. 

79. Friendly Troops 

Tank crewmen may obtain the range to a target from friendly troops. 
Tlic information tiius obtaiiietl is only as good as the method used by the 
friendly troo])s. 

MIL FORMULA 




60 YDS 



Figure .',7. The inlerscclion mclhod of determining range. 
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PART FOUR 
CONDUCT OF FIRE 

CHAPTER 6 
INTRODUCTION 



80. Scope of Part Four 

Part four explains the nictliods aii<i tecliniqucs of eoiiductiug tank fire. 
Coiulnet of fire inchicle-- ail elcmciits of tccluiiquc and method which 
eiiiible the tank crow to jjlace effecti\X' fire on the target. 

81. General 

The tank is an ofTcnsive weapon, jxissessing arinor-i)rotectc(I firepower 
and a high degree of mobility. The ability of armor to rapidly concen- 
trate devastating fire on the enemy while aggressivcij' advancing on his 
position produces the shook action essential to succusa in battle. 

82. Primary Role of Tank 

The primary role of the tank is oft'cnsive combat; tlie basic mission is 
to close with and destroy the enemy. Tank units iierfonn their basic 
mission liy a penetration or envelopment of the enemy position fol- 
lowed by the exploitation and [Hitsiiit of tlic defeated enemy forces. 
In an overall defensive situation, tanks are used offensively as the 
counterattack force or mol)ile reserve. In either situation, the mission 
is accomplished by employing firc])owcr and maneuver. 

83. Firepower 

Maximum fire|)owor is oi)taincd liy concentrating tlic massed, coordi- 
nated direct fire of the entire tank unit. Direct fire is fire delivered on 
targets that can be observed through the direct-fire siglits. It is the 
most effectix'c method of firing tank guns because of the accuracy and 
rapidity with which enemy targets can ho engaged, and should be 
employed in preference to indirect fire. Indirect fire is fire delivered on 
targets that cannot be observed through the dircet-fire sights. This 
ty]ic of (ire is not as effective as direct fire liecausc it is neither as accu- 
riite nor as rapid, and the relatively fiat trajectory of tank gvms limits 
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engagement of elosc-in targets. Indirect fire is a primary funetion of 
artillery, not of tanks; however, tank crewmen receive training in 
indirect laying because it is a means of retaining the firepower of the 
tank unit wlien tlic tactical situation, terrain, or weather does not permit 
direct fire and maneuver. 

84. Target Acquisition 

a. Target acquisition includes both location and idcntificatioTi of an 
enemy target. Targets are broadly classified as -point or area, according 
to their nature. A point target is one tliat consists of a particular object 
or structure, such as a tank, gun jjosition, or bunker. An area target 
consists of a general location or area on which fire is to be delivered, such 
as a defensive position, an assembly area, or troops dispersed over an 
area. 

6. Targets arc further classified as hard or sojt, according to the type 
ammunition necessary for destruction. Hard targets arc those which 
cannot be defeated by small arms fire or the fragmentation effect of HE 
ammunition. The more common types of hard targets arc armored 
vehicles, bunkers, and pillboxes. Soft targets are those which can be 
defeated by small arms fire and shell fragments, such as troops in the 
open, unarmored vehicles, and open gun positions. 

c. Target acquisition is a duty of all crew members; however, it is 
primarily the responsibility of the tank commander. Acquisition should 
be rapid and accurate, so that the target can be quickly engaged with the 
correct ammunition. This is not an easy task, because enemy positions 
and weapons will often be concealed and camouflaged. Even when an 
enemy gun opens fire, the haze and noise of battle make target acquisi- 
tion difficult. To assist the tank commander, each crewman is assigned 
a sector for observation. Tank crewmen should receive training in 
observation, target recognition, detecting camouflage, and distinguishing 
the difTcrcnces between explosions and firing of weapons. 

d. The tank crewman who first observes a target will alert the crew 
to its presence. The tank commander does this by issuing an initial fire 
command. Otlier crcwiucn designalu a target by announcing TARGET, 
followed by the approximate range, direction, and description; for ex- 
ample: TARGET, 1,000, DIRECT FRONT, TANK. The gunner may 
designate the direction of a target by laying the gun, rather than by 
announcement. Should the tank commander 'desire to engage a target 
designated by another crewman, he will tJien issue a fire command. 

85. Firing Positions 

a. The ideal firing position is one which provides cover and level hard- 
standing. Hull defilade positions, where the hull is behind cover and the 
turret exposed, are employed for direct fire. Indirect fire is conducted 
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from positions affording full or turret defilade. Firing positions must be 
as level as possible in order to eliminate or reduce cant. In a static 
situation, selection and occujiation of positions is deliberate. However, 
ideal firing positions arc not always available in mobile situations. 
Rapid selection and immediate occupation of position is a crew effort 
requiring close teamwork between tank commander, driver, and gunner. 
Selection of the position is the tank commander's responsibility; how- 
ever, a trained driver will constantly search for good positions so that 
he can move in inimediately. When moving from turret to hull defilade, 
the driver is directed by the gunner. With the gun level, the gunner looks 
througli his sight and halts the driver when the target area is just \'isible. 

b. Although the machine guns may be fired effectively from a moving 
tank, shooting on the move with the main gun is extremely diflRcult and 
inaccurate. Tlic tank gun will habitually be fired from stationary posi- 
tions except in emergency situations, or unless the tank gun is stabilized. 

86. Employment of Tank Weapons 

The decision of whctJicr to employ the tank gun or the machine guns 

is primarily based on considerations of target vulnerability and range. 
The tank gun is used to engage such hard targets as armor and fortifica- 
tions, and soft targets which arc beyond the effective range of the 
machine guns. The tank machine guns are employed against soft targets 
at close ranges, such as troops and thin-skinned vehicles. The tank gun 
has the greater destructive effect; however, machine guns have a greater 
volume of fire, give better area coverage, and can be more rapidly 
adjusted. The machine guns can be effectively fired from a moving tank 
and should be employed in the final assault of an objective because of 
their combined destructive, neutralization, and psychological effect 
against the defenders. In cases where either weapon could be used, the 
machine gun should be employed because of its greater volume of fire 
and the resulting conservation of tank gun ammunition for engagement 
of targets beyond the capabilities of machine gun ammunition. 
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CHAPTER 7 
DIRECT FIRE 



Section I. INTRODUCTION 

87. General 

Tanks cini^loy diicct. fire wlienevei' the target can be seen through the 
direct-fire sights. Direct laying is the most effective method of conduct- 
ing tank fire; it affords tlic greatest accuracy and, consequently, maxi- 
mum target destruction. Tliis cliapter discusses conduct of direct fire to 
inchide rapid engagement of enemy targets, initial and subsequent fire 
coniuiands, adjustment of fire on stationary and moving targets, and 
siweial teciuiiques of target destruction. Tiic material contained in this 
ctiaptcr is applicable to all standard tanks. 

88. Firing Duties 

Effecti\ e tank fire is dciiendent on the skill and the coordinated action 
of the tank ci-ew. The general firing duties performed by the individual 
members of the crew are listed below. 

Tank coininsinder Coutiols movement of tliG tank and actions of tlie crew; 

observes for iiixi selects targets; gives initial tire com- 
hihikIs and siibse<iiicnt coninuinds wlien necessary ; 
hiys tank guns for direction: ranges on targets (on 
tanks so cqiiippct!) ; supervises and assists gunner in 
adjusting fire ; controls volinne of fire ; and fires turret- 
mounted machine gun. 



Gunner Oliservcs for targets; ranges on targets (on tanks so 

criuipped) ; aims anil fires the main gim and coaxial 
machino gun by use of direct and auxiliary fire-control 
cquiptncnt; adjusts fire of main gun and coaxial 
ninchinii gun. 

Loader l,OHdi< the main gun and coaxial machine gim; inspects, 

cleans, and stows ammunition ; reduces stoppages and 
assists in the renlO^■al of misfires and reduction of other 
malfunctions. 

How gunner Olwervos for targets; fires the how machine gun (certain 

tanks do not have a bow gunner). 

Driver O'lsetves foi- tai^ets; maneuvers and positions the tsmk 

for firing. 

75 TAGO 101 29- B, May 



Section II. INITIAL FIRE COMMANDS 



89. General 

The initial fiic coiniiiaiul uoiitiuns tlie neccssai'y infoniiatioii to permit 
tlic crew to loud, .'lini, anrl fire tiic tank weapons, Tlic initial fire coni- 
uiand is issued by the tank cuniniandcr to liis crew, and by tiic ])latoon 
Iciidcr to his platoon or a g|)c«ifiu tank. Standard terminology, commonly 
referred to as "tankers' terminology," and sequence are used to achieve 
effectiveness atul speed. Tlic type of ccpiipment used may allow omission, 
of certain elements of the command; lu)\vc\'cr, the sc(|iicnce of elements 
remains the same. For stationary targets, the initial fire conunand con- 
tains four, five, or six elements; for moving targets, five, six, or seven 
elements. Given below is an example of an initial fire eoinnuuid, show- 
ing sequence of elements and actions ]>oi'formed l)y the crew as each ele- 
ment is announced. 



Element 




Crt:w firiiiij dntirs 



Alert 



Entire erew is alerted. CJiiiMicr turns 

on Ixirtet. power .=;wit(:li ; lo^uler un- 
locks ni:imi:il .'^afety, if nocessary. 
Tank coiniiuindor nommnnces lay- 
ing gun for direction, using iwvrcr 
control. 



Ammnnilion (and fiixc. 
if uoiiessary) . 



SHOT 



I>oa(ler soUm-Is 'ind ]o.kIs .'itinouncecl 
aninuinilion, setting fuiic if neces- 
sary, rcniiiiiis clear of rcjtoil, and 
imnoun<:(!S UP. Gunner turns on 
gun switch and indexes announced 
ammunition in computer or range 
finder, ]f using ;i balliBlic unit or 
telescope, gmincr notes announced 
ammunition and awaits ne.\t ele- 
ment of initiid fire cominsind. 



linn (JO. (omitted \vl»;n 



riingc frnder is used 



ONE TWO 
HUNDRED 



Tiiiik couimiindor may imle.-i range 
on range rmder or nniiouncc rnngc. 
If range is iinnouncod. gunner in- 
dexes range on conitiuti;r. range 

finder, oi' Ijallistic unit, or uses 

telei<copi(; .siglit. 



as ranging instrument 
iiud is linked to siglit, 
or if tiink coiiuuimder 
CiUi index niuge). 



Dircc.lion (normally 
omitted bccaiuic tank 
commander l;iy3 for 
diriiclion, using power 
controls and dirc<;t-fire 
sight). 



TRAVERSE 

RICJIIT— 

STEADY-ON 



If direction is announced, gunner 
follows instructions of lank com- 
mander, who use.s his direct-fire 
.sigiit to injure that gunner lays on 
selected target. 
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Element Szample Crew firing dttlin 

Description TANK Ui)on hciring (Inscription and ob- 

serving target in dircct-firc sight, 
gunner announces IDENTIFIED. 
Tank commander then releases his 
control, and gunner positions the 
reticle so tliiit lie (or tank coni- 
luandcr) can range on the target. 
After gunner ranges, ho moves the 
gun to plncc the aiming cross of 
the direct-fire sight on the center 
of critical moss of the tnrget. If 
the range finder is not used, gun- 
ner immediately' places the aiming 
cross of the periscope or .appropri- 
ate range line of the telescopic 
.siglit on the center of critical mass. 
Lead (used only u'hcji ONE LEAD Gimnor takes announced lead from 
engaging moving center of critical mass of the tar- 

targets), get. Lead is maintained by track- 

ing before, during, and after firing. 
Command In fire FIRE After making final precise lay, gun- 

ner announces ON THE WAY, 
and fires. If lank commander uses 
the range finder, he does not com- 
mand FIIII'] until lie has com- 
pleted ranging. 

90. Alert Element 

a. The alert is the first element of the initial fire command. It alerts 
the orew or unit to the presence of a target and designates the crewman 
or tank to fire. 

b. Standard terminology is u.'sed for the alert. Examples are — 

(1) GUNNER The gunner is alerted to fire. 

(2) BOG The bow gunner is alerted to fire. 

(3) GUNNER-BOG The gunner and bog are alerted to fire. 

(4) PLATOON The platoon leader alerts his entire 

platoon. 

(5) NUMBER THREE . . .The platoon leader alerts a specific tank. 

Note. For reasons of security, the riidio call sign for the entire platoon 
or for a specific tank may be substituted for PLATOON or NUMBER 
THREE. 

91. Ammunition Element 

a. The following common descriptive terms arc used to announce the 
ammunition element: 

Ammumtion Term Type taTgelt normaltv engai/fd 

High explosive HE Troops, crew-scrx-ed weapoas, thin- 

skinned vehicles, bimkcis, pill- 
boxes. 
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Ammunition 



Term 



Type targets nnrmaUy engaged 

Light and medium tanka. 



Armor-piorcing 
(AP). 



SHOT 



Hyper-velocity 
armor-piercing 
(HVAP). 



HYPER SHOT 



Heavy tanks. 



Hypcr-velocity 
armor-piercing, 
discarding sabot 
(HVAP-DS). 



SABOT 



Heavy tanks. 



High explosive 
antitank. 



HEAT 



Heavy tanka, bunkers, pillboxes. 



Canister 



CANISTER 
SMOKE 



Troops. 

For screening, incendiary, or casu- 



Whitc phosphorus 



Caliber .30 MG 



CALIBER 
THIRTY 



alty-producing effect. 
Same as HE at close range. 



b. There are two types of fuzes for high explosive shells — a standard 
fuze witli a setting sleeve for superquick or delayed detonation, and a 
concrete-piercing fuze. Both fuzes are interchangeable and either may 
be affixed to a round by the crew. The standard HE round is stowed in 
the tank with the fuze set on superquick (SQ) . To obtain delay action, 
the tank commander announces HE DELAY, and the loader will turn 
the sleeve to setting DELAY. Concrete fuzes are issued for special 
l)urposes, either as part of a complete round or separately. Concrete fuze 
is called for as HE CONCRETE. If no fuze is mentioned, the loader 
loads HE with the superquick setting. 

c. Upon hearing the ammunition element, the loader loads immedi- 
ately, announcing UP. He continues to load the announced type of ammu- 
nition until a change in ammunition or CEASE FIRE is given. 

92. Range Element 

a. This element is omitted from the initial fire command when the 
tank commander or the gunner ranges on the target, or when the tank 
commander can physically index the range into the direct-fire control 
system. Whenever range must t)e announced, it will normally have been 
obtained by estimation and is usually announced to the nearest 100 
yards. However, if the tank commander can accurately determine the 
range, he may announce it to the nearest 50 yards. Because the yard 
is the standard unit of measure for range, the words "range" and "yards" 
will not be included in the range element. 

h. For clarity and standardization, all numbers (range, deflection, ele- 
vation) used in tank gunnery are announced as follows: 

25 TWO FIVE 

100 ONE HUNDRED 

250 TWO FIVE ZERO 

1,800 ONE EIGHT HUNDRED 

3,000 THREE THOUSAND 

4,050 FOUR ZERO FIVE ZERO 
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93. Direction Element 

Tliis clenient will nonimlly be omitted in tlie initial fire cotninand 
because the tank counnandcr, wlicnever possible, lays the tank gun for 
direction, using his iwwer control and dircct-fire siglit. He docs this 
immediately while issuing the comniand. If the tank commander lias 
no power, if he is otherwise engaged, or if a platoon leader is issuing 
an initial fire conmiand to his unit or to a tank other than his own, 
it will be necessary to include this element. Examples of laying a single 
tank or tank unit for direction are listed in a through d below, 

«. Traverse Right (Left) — Steady — On. As the tank conmiander com- 
mands TRAVERSE RIGHT (LEFT), the gunner traverses rajjidly 
in the appropriate direction. As the gun approaches the target, STEADY 
is given, and the gunner slows his traverse. When tlie gun is laid on or 
near the target, the tank conunander commands ON, and tlie gunner 
stops traversing. The tank commander should use his direct-lire sight 
to insure that the gunner lays on the selected target. 

b. Reference Point and Deflection. To assist the gunner in locating 
the target, the tank commander may nse a reference point and a shift 
in mils. The reference point must be one whicli the gunner can easily 
recognize. The tank commander measm'cs, with Iiis binocular, the de- 
flection from the reference point, and announces the shift. For example, 
he commands REFERENCE POINT CROSS ROAD, RIGHT THREE 
ZERO. The gunner zeroes Iiis azinmtli indicator on the reference point, 
traverses right 30 mils, and looks for his target. Small shifts are made 
by using lead lines in the sight reticle. 

c. General Direction. When the target is unmistakable, the tank com- 
mander may command DIRECT (LEFT OR RIGHT) FRONT or 
RIGHT (LEFT) FLANK. This method is normally used to direct a 
platoon, but may also be used to direct the gunner. Direct front is the 
direction in which the main gun tube is pointing, not necessarily the 
front of the tank. 

d. Firing Gun. To lay the platoon for direction rapidly and accu- 
rately, or to identify an obscure target, the tank commander or platoon 
leader may fire his machine gim or main gun at the target. The direction 
element is then announced as WATCH MY TRACER (BURST). When 
the platoon leader's tank is not visible to all tanks or when other lire is 
being placed in the targ(;t area, it may bo necessary for the platoon leader 
to combine methods, such as RIGHT FRONT, WATCH MY BURST. 

94. Description Element 

a. The descrijjtion element is always announced so that the gunner can 
rapidly identify and lay on the target. To avoid misunderstanding, the 
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description must be clear and concise. Most of tlie targets encountered 
can be designated by using the following standard terminology: 



b. If several targets are in view, tlie tank commander can specify the 
particular target by announcing FIRST TANK or LAST TRUCK or 
sonic other brief descriptive plii'ase. When a target ia concealed, it is 
described as it appears to the gunner; for example, GREEN BUSH — 
ANTITANK or LEFT WINDOW— TROOPS. 

c. When the gunner has positively identified the target, he will imme- 
diately announce IDENTIFIED, not waiting for the tank commander 
to finish the initial fire command. Tiiis is the signal for tlie tank com- 
mander to release his power controls. The gunner then takes over control 
of the gun, positions the reticle for ranging (on tanks equipped with 
range finders), and makes the final preci.sc lay on the target. 

95. Lead Element 

The lead element is included in the initial fire conmiand only when a 
moving target is engaged. Normally a moving target is initially engaged 
with one load (5 mils) regardless of range or speed of the target. For 
a discussion of firing at moving targets, sec paragraplis 109 through 114. 

96. Command to Fire 

The command to open fire is announced as FIRE. This command tells 
the gunner to fire when ready. If the tank commander is determining 
range by use of a range finder, he will not command FIRE until he has 
completed ranging. When the tank commander decides to open fire at a 
sr)ecifie time, he will hold the command, commanding FIRE when ready. 
Before firing, the gunner announces ON THE WAY. During periods of 
training, the gunner will pause approximately one second between 
announcing ON THE WAY and firing. In combat, where rapid engage- 
ment of enemy targets is vital, there should be no i)ause. After firing, the 
gunner will continue to fire, without further connuand, until the tank 
connuander commands CEASE FIRE or otlicrwise assumes direct con- 
trol of the firing. 

97. Repeating Initial Fire Command 

a. When a crew member fails to hear or unrierstand any part of an 
initial fire command, he announces the misunderstood element(s) as a 



Any tank or tank-like vehicle 

Any unannoied vehicle 

Pcrsoniiel 

An.y type of machine gun 

Any antitank gun or artilleiy piece 

Anj' building 

Any other target 



'PANIC. 

TRUCK. 

TROOPS. 



MACHINE GUN. 
ANTITANK. 

HOU.SE. 

Briefest term consistent 
with clarity. 
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question. For example, he may ask AMMO?, DESCRIPTION?, or 
AMMO-RANGE? 

b. When a crew member requests repetition of any part of the initial 

fire command, the tank commander repeats only tlie element (s) re- 
quested. For example, if the gunner or loader asks AMMO?, the tank 
commander repeats SHOT. 

c. If the gunner asks DESCRIPTION?, he has failed to positively 
identify the target. To correct this, the tank commander will lay his 
aiming cross on the target and then repeat the description clement. 

98. Correcting Initial Fire Command 

a. To correct an error in an initial fire command before giving the 
command FIRE, the tank commander announces CORRECTION and 
corrects the element in error. He tlien completes the command by 
announcing all elements after the corrected element. 

Examples: 



b. To correct an error after giving tlie command FIRE, before the 
gunner has executed it, tlie tank conunander announces CORRECTION. 
He then corrects the incorrect clement and again commands FIRE. 

Example: 

GUNNER 
SHOT 

ONE THOUSAND 

TANK 

FIRE. 

CORRECTION 

ONE TWO HUNDRED 

FIRE, 

c. The tank commander will not normally correct an eror in the 
ammunition clement after the gun has been loaded; instead, he will allow 
the gunner to fire the chambered round, then will give a change in the 
ammunition as a subsequent fife command. Once the gunner has fired, 
any correction or change to any element will also be made by a sub- 
sequent fire command. 



GUNNER 

HE 

TANK 

CORRECTION 

ANTITANK 

FIRE. 



GUNNER 

SHOT 

ONE SIX HUNDRED 

.i^JNfTITANK 

CORRECTION 

HE 

ONE SIX HUNDRED 

ANTITANK 

FIRE. 
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99. Subsequent Fire Commands 

Any command to control firing issued after the initial fire command 
has been given is a subsequent &re command. The tank commander issues 
subsequent commands to change an element in the initial fire command 
or a previous subsequent command, to cease fire, and when it is necessary 
for him to employ the alternate method of adjustment. See paragraphs 
105 through 108. 

Section III. SENSINGS 

100. General 

A sensing is a mental notation of the round in relation to the target. 
Every round fired is sensed for deflection and range, by both the tank 
commander and gunner. A tracer round is sensed where the tracer strikes 
short of, passes, or hits the target; nontracer rounds are sensed at the 
point of burst. The strike or burst must be sensed immediately to avoid 
errors caused by drifting smoke or dust. The gunner uses his direct-fire 
sight as an aid in sensing, while the tank commander normally uses his 
binocular. 

101. Deflection Sensings 

Deflection sensings are mental notations of whether the round is on 
line with or to the side of the aiming point. These sensings are measured 
as so manj' mils left or right of the target and are not announced. For 
example, the tank commander or gunner might sense a round as two left 
or line. There should be little or no error in deflection, 

102. Range Sensings 

There are five range sensings— TARGET, OVER, SHORT, DOUBT- 
FUL, and LOST. These sensings are mental; however, under certain 
circumstances they may be announced, If the gunner cannot observe his 
tracer or brust, he will announce LOST. This is the only sensing the 
gunner will announce. The tank commander will announce any perti- 
nent range sensing when the gunner announces LOST or when the tank 
commander otherwise takes over adjustment of fire. 

a. Target. In tank gunnery, a round is sensed as TARGET (fig. 48) 
when the round or shell fragments actually strike the target and cause 
it to change shape, move, disappear, or pieces to fly off it. When HE or 
shot strikes a metal object, there is usually a distinctive orange flash. 
A hit on any part of the target is sensed as TARGET; however, adjust- 
ment to a more vulnerable part may be required to obtain a kill. 

b. Over. A round is sensed as OVER (fig. 49) w'hen the burst appears 
beyond or the tracer passes above the target. A tracer round is sensed 
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TARGET 




Figure 4S. Sensing o} TARGET. 



at the exact point where it passes over tlie target; a nontracer round is 
sensed at the point of burst. Overs are also mentally sensed for deflec- 
tion; for example, OVER, three right. 

c. Short. A round is sensed as SHORT (fig. 50) when either the burst 
or strike is observed between the gun and the target. Both tracer and 
nontracer rounds are sensed at tlie point of burst or strike. The strike 
must be observed carefully and sensed immediately, since the target is 
sometimes temporarily obscured by smoke and dust. Shorts are also 
mentally sensed for deflection ; for example SHORT, line. 

d. Doubtfxd. A round is sensed as DOUBTFUL (fig. 51) when it 
appears to be correct for range but the tracer passes or the burst strikes 
left or right of the target. Since a deflection correction is normally suf- 
ficient to secure a target hit, no range cliange is made on a DOUBTFUL 
sensing. An example of this mental sensing is DOUBTFUL, two right. 

e. Lost. A round is sensed as LOST (fig. 52) when the gunner or tank 
commander fails to observe the point of strike, burst, or tracer. The 
point of strike may not bo visible due to obscuration, terrain, or failure 
of the round to detonate. Based on his terrain ap])rcciation, the tank 
commander may be justified in making a range change if he feels that 
the round has been lost, due to the terrain. This is the one sensing which 
must be announced by the gunner. It is announced so that the tank 
commander will know that the gunner cannot observe the point of strike. 
It is announced simply as LOST, 
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Pigure 50. Senmng oj SHOUT. 
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DOUBTFUl 




RANGE 15 NEVER CHANGED 
WITH SENSING OF DOUBTFUL. 

Figure 51. Setiaing of DOUBTFUL, 




ROUND MAY BE LOST DUE TO: 

1. TERRAIN 

2. OBSCURATION 
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3. FAILURE TO DETONATE (DUD) 

Figure Si. Senaing of WST. 
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Section IV. ADJUSTMENT OF FIRE ON STATIONARY TARGETS 



103. General 

a. Tlic ultimate goal in tank gunnery is a fast first-round kill. Due 
to the excellent fire-control equipment and the relatively flat trajeetory 
of the tank gun, it is well within the capabilities of a well-trained crew to 
consistently achieve target destruction with a single round. Therefore, 
the standard for tank gunnery is a first-round kill. This standard, how- 
ever, must l)e approaclicd realistically. Such factors as crew skill and 
target nature will obviously affect acliievenicnt of this goal. If the target 
is not hit or is not iiit in a vulnerable spot, it is necessary to adjust fire on 
the target rapidly so tliat maximum destruction is obtained witii the mini- 
mum number of rounds. There are two methods of adjusting direct fire on 
a target. The primarj' method is applied by the gunner and is known as 
burst-on-target. The secondary method involves the tank commander 
and is known as the alternate method. With both mctliods, the gunner 
lays and fires the gun. The tank conuiiandcr iias firing controls and a 
direct-fire sight; howevei-, he has so many responsibilities in connection 
witli commanding his tauk or unit that he should not fire the main gun 
except in an emergency situation. 

b. Regardless of the method used, tlic adjusting or aiming jjoint is tiie 
same. In tank gunnery, fire is adjusted on the center of critical mass 
of the target. This is defined as the center of the most vulnerable pari 
of tiie target and is normally referred to in tank gunnery as the center of 
mass. On many targets, this will be the exact center; however, this docs 
not always hold true. Tlio center of mass will vary vvith the type of 
target and the angle at which it is engaged. For example, the iieaviest 
armor of a tank is nonnally on the front slojie plate and the turret. 
The most vulnerable parts of a tank arc the sides and rear. Whenever 
possible, tiic gunner should aim at these parts rather than the turret 
or frontal arnmr. If only the front of an enemy tank is presented, then 
the center of mass is the turret ring. The i)ur]5osc of aiming at or near 
the center of mass is to increase the probaljility of a target hit and kill. 
The rclativelj' flat trajeetoi y of tank guns will often allow a hit some- 
where on the vertical surface of the target even if the determined range 
is Pot exactly correct. 

104. Primary Method of Adjustment 

a. The primary method of adjustment is burst-on-target, in which 
the gunner observes tlirougli his dircct-fuc sight and notes the point 
on tlie sight reticle where tlie burst or tracer appears in relation to 
tlie target. Without command from tlio tank commander, the gunner 
tlien moves that point of the sight reticle onto the center of mass of the 
target, announces ON THJ2 WAY, and fires again. He continues to fire. 
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adjusting on tlic center of mass, until the tank commander coiiunands 
CEASE FIRE. Wiiile the gunner makes the adjustment, tlic t:ink com- 
mander, acting as a silent observer, senses each round. The tank com- 
mander, by issuing subsequent fire commands, takes over the adjustment 
if he is not satisfied with the adjustment, if he wishes to cease fire, or 
when the giunier has announced LOST. 

h. Accuracy of ti;c burst-ou-targct method dei)ends on tiic ability of 
the gunner to take consistently correct sight pictures and make precise 
sousings. The gunner first takes the correct sight ])icture on tiie center 
of mass. After firing, lie inunediately cliccks his lay and re-lays if 
necessary, so that the round ajipcars on the siglit reticle in proper rela- 
tion to the target. After noting the exact point on the sight reticle where 
the burst or tracer appeared, lie uses his gun controls to move that i)oint, 
by the most direct route, onto the center of muss. Thus aijplied, burst- 
on-target provides an accurate, rai>id means of obtaining second-round 
hits or of adjusting target hits to a more \-ulnerable part of the target. 

c. Typical examples of this i)rimary mctliod of adjustmcntj showing 
gunner's application with the standard type sight reticles, appear in (1), 
(2), and (3) below. 

(1) Sitiudion 1, gun-laijitxj reticle; target, stationary tank. 




Figure S3. Situalion 1, first round. 
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(a) After firing, the gunner immediately checked his lay. This 
round was over and to the left (fig. 53). 

(b) Tile gunner mentally noted the point on the siglit reticle 
where the tracer passed the target and, with the gun controls, 
moved thiit point to the center of mass of the target by 
moving tho gun down and to the right. Without coinniund, 
he fired again and obtainctl a target liit (fig. .'54). 

(2) Situation 2, (jun-laying reticle; target, antitank gun. 

(fl) The gimner immediately clicckcd his lay iifter firing and 
noted that the first round struck sliort of tho target and on 
line with the center of mass (fig. 55). 

{b) The gunner mentally noted tlic jJoint on the sight reticle 
wliere tlie burst appeared and, with the gun controls, moved 
that point to tlie center of mass of the target. Without com- 
mand, he fired the ne.vt round and obtained a target hit 

(fig. m. 

(3) SitmUion H, standard dash pattern reticle; target, stationary 

tank. 

(a) The tank conmiander issued tlie following initial fire com- 
mand: GUNNER, SHOT, ONE THOUSAND, TANK, 
FIRE. After announcing IDENTIFIED, tlie gunner placed 




Figure o.'f. Siluiiliim J. nacimil-ritiind hit. 
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Figure 66. Situation 2, second-round kit. 
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the 1,000-yard range line on the center of mass of the target, 
announced ON THE WAY, and fired. 
(6) The gunner immediately checked his lay after firing and 
noted that the first roimd hit the tai^et to the left of the 

aiming point (fig. 57) . 

(c) The gunner mentally noted the point on the sight reticle 
where the strike appeared and, with the gun controls, moved 
that point to the center of mass. Since the tank commander 
remained silent, the gunner fired again and hit the center of 
the tank hull. The enemy tank burst into flames (fig. 58) 
and the tank commander announced TARGET, CEASE 
FIRE. 

d. Although burst-on-target is the most accurate and rapid method of 
adjustment, there are certain conditions under which it cannot be effec- 
tively applied. When there is partial obscuration, or during firing over 
flat terrain at extreme ranges, burst-on-target is difficult to apply accu- 
rately. Also, if the gunner cannot observe the round, he cannot api)ly 
burst-on-target. In such cages, the alternate method of adjustment is 
used. 




Figure 67. Situation 3, first'Tound hit. 
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Figure 6S. Situation S, sccojid-rovnd kitt. 



105. Alternate Method of Adjustment 

a. General. The alternate method of adjustment is the tank com- 
mander's means of adjusting fire when the primary metliod cannot be 
used or applied effectively. An announced sensing of LOST bj' the 
gunner indicntes to the tank commander that he must take over from 
tlie gunner, since burst-on-target cannot be applied. The tank com- 
mander also employs the alternate method whenever it is obvious that 
the gimner is not adjusting properly or has made some other error, such 
as firing on the wrong t.argot. Tiie tank commander employs the alter- 
nate method by announcing his range sensing and issuing a subsequent 
fire command. The announced sensing is not part of the subsequent fire 
command, but will precede the command as a signal to the gunner that 
the tank commander is going to issue a subsequent fire command. 

b. Subseqvent Fire Command. The tank commander issues subse- 
quent fire commands to change an clement of a fire command, to cease 
fire, and to employ the alternate method of adjustment. When used in 
the alternate method, tlie subsequent fire command may consist of one, 
two, or three elements. If all elements are required, they arc issued in 
the following sequence for firing at stationary targets: deflection, range, 
command to fire. Deflection and/or range corrections are omitted if not 
required; however, tlie command to fire is always given. Examples of 
typical anuoimccfl sousings and subsequent fire commands are — 
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Sensing: OVER SHORT DOUBTFUL LOST TARGET 
Command: RIGHT ADD LEFT 3 DROP CEASE 
2 400 400 FIRE. 

DROP FIRE. FIRE. FIRE. 

200 
FIRE. 

c. Deflection Corrections. The deflection cletiicnt of tlic subsequent 
fire command is obtained from the tank commander's mental deflection 
sensing. The tank commander measures with his binocular the number 
of mils that the round passed or struck to the left or right of tlie center 
of mass of the target. He then commands the gunner to shift the meas- 
ured number of mils in the opposite direction. For example, if the mental 
deflection sensing is two left, the announced deflection correction would 
be RIGHT TWO. If the round is sensed as line, the deflection clement 
is mci-oly omitted in the command. Since lateral dispersion is negligible 
with tank guns, there should be little or no error in deflection. A deflec- 
tion error of more than three mils indicates improper sight |)icture, 
im|>roper boresighting and zeroing, cant error, or failure to correctly 
identify tlic target. 

d. Range Corrections. The range element of the subsequent fire com- 
mand is based on the tank commander's announced range sensing. If 
the round is short, the tank commander adds range; if the round is over, 
lie drops range. Range is changed for the initial adjusted round by use 
of the standard range change. The purpose of the standard range change 
is to obtain a target hit, to move the strike closer to the target so the 
gunner can observe the round and apply burst-on-target, or to provide 
a yardstick on the ground if the tank conmiander must continue to 
adjust. Tlie standard range change applies only to the first adjusted 
round. Once an adjustment lias been made (either by burst-on-target or 
by tlic alternate method) or a target hit obtained, the tank commander 
is no longer held to the standard range change, but may make any range 
cliange he feels is necessary to hit the center of mass. Range changes 
arc normally made in multiples of 50 yards; if the necessary range 
change is less than 50 yards, the command is ADD (DROP) A HAIR. 
Use of the standard range change depends upon the conditions under 
which it is employed. These conditions arc — 

(1) When a range finder or other accurate means has been used to 
determine the initial range to the target (see note below), the 
standard range change is 200 yards regardless of tank-to-targct 
range. If the gunner fails to observe the first round, he an- 
nounces LOST. The tank commander then announces his sens- 
ing and issues a subsequent fire command, making any neces- 
sary deflection change and adding or dropping 200 yards if 
there was a range error. If the next round does not destroy the 
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target, the gunner applies burst- on-target if possible. If this 
second round is also lost to the gunner, the tank coinraander 
continues with the adjustment, making necessary deflection and 
range changes to destroy the target. 

Note. Accurate metliods of range determination are range finder, 
registration, and intersection. Use of the mil relation to obtain range is 
only as accunite as the means of determining the mil angle and tlie 
width or height of the target. Maps are vorj' accurate if hotli tank and 
target can be pinpointed. Range information from friendly troops may 
or may not be accurate, depending on the means used. Estimation by 
e}'e is rapid and effective, but not nccoasnrily accurate. 

(2) When the initial range to the target is estimated, the range 
cliangc depends on tlie estimated range. If the estimated range 
is 1,500 yards or less, the standard range change is 200 yards; 
if the estimated range is over 1,500 yards, tlie standard range 
change is 400 yards. The procedure for applying the standard 
range change is the same as in (1) above. 

c. Large Range Error. If an extremely large error is made in the 
initial estimated range, the tank commander may announce a new range 
elcment^for example, RANGE TWO FOUR HUNDRED— or he may 
cease fire and then issue a new initial fire command to insure target 
identification as well as correct range. 

/. Lost Rounds. 

(1) Regardless of the means of determining range, if the gunner 
fails to observe a round after applying burst-on-target, the 
rule of the standard range change does not apply. The tank 
commander can make any deflection and range change that he 
feels is necessjuy to destroy the target. 

(2) When the gunner fails to observe the round, he announces 
LOST. If the tank commander fails to observe the round, he 

also announces LOST and issues a subsequent fire command. 
Depending on tlie circumstances, he may not change the range, 
or he may give a range change to bring the next round to 
where it can be observed. 

106. Application of Alternate Method 

The tank commander bases his subsequent fire command on his 
sensing. The gunner applies the correction by use of his direct-fire sight. 
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He makes deflection corrections l)y use of the lead lines, moving the gun 
left or right the indicated number of mils. He makes range changes by 
use of the range lines, moving the gun up or down to change range by 
the indicated number of yards. Since the range lines of the sight reticle 
are graduated in mils, the value of C must be applied to convert the 
range change in yards to a mil change on the sight. For tank gunnery 
purposes, the C for 76-inni and 90-nmi guns is 1 mil; that is, a 1-mil 
change in elevation will change the range 100 yards. For an example 
of application of the alternate method, see figure 59. 




Figure 59. Application of alternate, method. Tank commander mentally senaea 
first round as OVER, two right; announces OVFAi, LEFT TWO, DROP TWO 
HUNDRED. Gunner applies correction by moving gun 2 mils left and S mils down. 



107. Repeating and Correcting Subsequent Fire Commands 

a. Repeating Commands. The procedure for repeating subsequent fire 
commands is the same as that for initial fire commands (par. 97), in 
that the crewman requests a repetition by announcing the element as a 
question and the tank commander repeats only that element requested. 
For example, if the gunner asks RANGE? the tank commander repeats 
ADD TWO HUNDRED. 

b. Correcting Commands. To correct an error in a subsequent fire 

command, the tank commander announces CORRECTION and then 
issues a corrected command. The sensing is not repeated unless it was 
announced incorrectly. 
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Example: 
Sensing; 
Conmiaiid : 



OVER 

RIGHT THE EE 

ADD TWO 

HUNDRED 
CORRECTION 
RIGHT THREE 

DROP TWO 

HUNDRED 
FIRE. 



DOUBTFUL 
LEFT TWO 

FIRE. 



SHORT 

DROP FOUR 
HUNDRED 

CORRECTION 



CORRECTION OVER 
RIGHT TWO DROP FOUR 
HUNDRED 

FIRE. FIRE. 



c. Correcting Errors by Adjustment. If the gunner fires before an 
error in tlie initial or subsequent fire coiniiumd is corrected, the correc- 
tion is made by adjustment of fire. Errors in the deflection or range 
elements can be corrected by either burst-on-target or tlie alternate 
method. An extreme range error which would preclude use of burst-on- 
target or the standard range change can be corrected by a new range 
element. However, what appears to be a large range error may be 
failure to identify the target, or some other factor. In such cases it is 
best to cease fire and issue a new initial fire command. 

108. Changing Ammunition (Fuze) 

During firing, it may be necessary to designate a different tyi>e of 
ammunition or fuze. This may be due to an error in the ammunition 
element of the initial fire command or a change in the nature of the 
target. For example, if a round of shot has penetrated a pillbox or heavy 
masonry building and the tank commander desires to fire HE delay 
through the opening, he commands FIRE HE DELAY. The loader 
innnediately loads, announcing HE DELAY UP. He will continue to 
load the new anununition until he hears CEASE FIRE or another 
change. The gunner notes wiiere the shot round appeared on his sight 
reticle with relation to the target. He then indexes HE in order to com- 
pensate for the difference in superelevation l)etwcen shot and HE, re-lays 
with the same sight jncture, and fires. The same procedure is used to 
change a fuze setting. For example, to change from fuze supcrquick to 
fuze delay, the tank commander commands FIRE HE DELAY'. Nor- 
mally, a chambered round will be fired even though a change in ammuni- 
tion or fuze has been announced. 
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Section V. ADJUSTMENT OF FIRE ON MOVING TARGETS 



1 09. Apparent Speed 

For tank gunnery purposes, <a moving target is one wliicli has apparent 
speed. ApparcTit speed (fig. 60) is defined as inovcracTit across the line 
of sight. Thus, targets wliich move across tlie Hno of siglit, yitlicr at a 
right angle to the line of sight or on a diagonal, have apparent speed and 
are engaged as moving targets. On the other hand, targets which move 
directly toward or away from the tank have no apparent speed and arc 
not engaged as nio\'ing targets. Targets moving with no apparent speed 
may require a slight cIc\'ation or depression of the tube to maintain the 
aiming cross on the center of mass, but otherwise are engaged in the 
same manner as stationary targets. 

110. Leading 

If the gunner fires a round with the gun aimed directly at a moving 
target, the target will move out of the path of the projectile, causing it 




TANKS 1, 2, AND 3 ARE MOVING AT 10 M.P.H, TANK 1 HAS NO APPARENT SPEED. 
TANKS 2 AND 3 BOTH HAVE APPARENT SPEED, WITH TANK 3 HAVING THE GREATER 

Figure 00. Apparent speed. 



TAGO 10129-E, May 



97 



Moving target — range 1,000. Sight 
picture for one lend. 



Same moving target — r.ingc 2,000. 
Sight picture for one lead. Target 
appears smaller duo to greater 
range, but lead is the same. 



Figure 01. Leading. 



to miss the target. To compensate for this movement, the gun is aimed 
ahead of the target so that the projectile and target will meet. Tliis tech- 
nique is called leading (fig. 61). The gunner measures lead by use of 
the lead lines of his dircet-fire sight. One lead equals 5 mils and is 
measured from the center of mass. Normally, moving targets are en- 
gaged initially with one lead, regardless of range or speed. Since the mil 
is a unit of angular measurement, range has no practical effect on lead. 
Speed does affect lead ; however, one lead is suificient for a hit on targets 
moving at battlefield speeds (1-15 MPH). Therefore the rule of thumb 
of taking one lead initially for all moving targets is a practical solu- 
tion to a problem which would otherwise involve such considerations as 
speed, direction, range, ballistics, and human error. 

111. Tracking 

In order to maintain the proper lead, the gunner must cause the move- 
ment of the gim to keep pace with the movement of the target. This 
manipulation is called tracking and is a combination of traversing and 
changing elevation to maintain proper sight picture. In tracking, the 
gun should be traversed through and ahead of the center of mass until 
the proper lead is applied. The gunner tracks with a smooth, continuous 
motion, maintaining a constant sight picture before, during, and after 
firing so that a proper sensing and necessary adjustment can be made. 
He should not stop the movement of the gun as he fires, nor should he 
attempt to "ambush" the target (moving ahead of the target, stopping, 
and firing when the target reaches the proper lead on the sight reticle). 
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1 12. Initial Fire Command for Moving Targets 

Initial fire commands are the same as those used for engaging sta- 
tionary targets (pars. 89-98), with the addition that a lead clement is 
announced just before the command to fire. Crew firing duties are also 
similar to those given for firing at stationary targets (par. 89) ; however, 
additional coordination is required between tlic tank commander and the 
gunner to insure continuous tracking of the target. The tank commander 
tracks the target while issuing his fire command until the gunner an- 
nounces IDENTIFIED and takes over the controls. The gunner then 
tracks with no lead while ranging is accomplished (cither by the tank 
eonniiandcr or the gunner, depending on the type tank). On the com- 
mand ONE LEAD, FIRE, the gunner takes one lead, continues to track, 
and fires. If range is announced or indexed by the tank commander, 
the elements of the command will be issued without pause; after iden- 
tifying the target, the gunner will track, apply one lead, and fire. 
Depending on the situation and equipment used, the initial fire command 
may contain five, six, or seven elements. Examples are — 



113. Primary Method of Adjustment, Moving Target 

The primary method of adjustment for moving targets is burst-on- 
target, which is applied in a manner similar to burst-on-targct for sta- 
tionary targets (par. 104), The primary method will be used whenever 
the gunner can observe the rounds fired. The gimnor fires while tracking 
with the correct lead and continues to track so that a proper sensing 
and necessary adjustment on the center of mass can be made. The gun- 
ner continues to fire without command until the tank commander gives 
CEASE FIRE. Typical examples of burst-on-target, showing gunner's 
application with the two standard type sight reticles, appear below. 

a. Situation 1. Gun-laying reticle; target, moving tank. 

(1) The gunner immediately checked his lay after firing. This 
round passed over and behind the moving target (fig. 62). 

(2) The gunner mentally noted the point on the sight reticle where 
the tracer appeared and, with the turret controls, moved that 
point to tlie center of mass of the target. Without command, 
he fired again while tracking with the new sight picture, and 
obtained a target hit (fig, 63). Note that the gunner continued 



GUNNER 



GUNNER GUNNER 

HE SHOT 

ONE TWO HUNDRED EIGHT HUNDRED 

TRUCK RIGHT FRONT 

ONE LEAD TANK 

FIRE. ONE LEAD 



SHOT 
TANK 



ONE LEAD 
FIRE. 



FIRE. 



TAGO 1012B-B, Hay 



99 



Fignra 62. Situation 1, first round. 



to track during the adjustment, increasing his lead to com- 

l.icnsntc for the apparent speed of the target. 
b. Situation 2. Standard dasli pattern reticle; target, moving tank. 

(1) The gimncr immediately checked his lay and noted that the 
round was correct for lead but o\'er in range (fig. 64). 

(2) The gunner mentally noted the point on the sight reticle where 
the tracer appeared over the target and, with the turret con- 
trols, moved that point to the center of mass. He fired again 
and obtained a target hit (fig. 65). 

114. Alternate Method of Adjustment, Moving Target 

a. General. The alternate method of adjustment is the tank com- 
mander's means of adjusUng lire when tl:e gunner cannot effectively 
a]ipi\' burst-on-target. The conditions under which this method is ap- 
plied are the same as those for stationary targets (par. 105). 

6. Subsequeiit Fire Command. The tank commander employs the 
altemntc method by announcing his range sensing and issuing a subse- 
quent fire command. The announced sensing precedes the subsequent 
command. Range corrections are announced as prescribed for stationary 
targets, and the same standard range change rule applies. A lead cor- 
rection is announced as a change in leads rather than in mils. For 
cxami>ic, if a round passes 5 mils behind the center of mass of a target. 
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Figure 63. Situation 1, second-round hit. 




Figure 66. Situation S, tecond-round kit. 

the tank commander comtnands ONE MORE, and the gunner increases 
the lead accordingly. If the round passes 2V2 mils in front of the center 
of mass, the tank commander commands ONE HALF LESS, and the 
gunner decreases the lead. ONE HALF is defined as half of one lead, or 
214 mils. The subse(iuent fire command may consist of one, two, or 
three elements. If all elements are required, they are issued in the fol- 
lowing sequence: range, lead, commatid to fire. Examples of typical 
announced sensings and subsequent fire commands arc — 



Sensing: 
Command: 



OVER 

DROP TWO 
HUNDRED 

ONE HALF 
LESS 

FIRE. 



SHORT 
ADD FOUR 

HUNDRED 
FIRE. 



DOUBTFUL 
ONE MORE 

FIRE. 



Section VI. FIRING TANK MACHINE GUNS 
1 1 5. General 

The tank machine gun is extremely flexible in that it can be fired 

effectively against a wide variety of targets from either a moving or 
stationary tank in offensive or defensive situations. The chief charac- 
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teristics of machine gun fire are dispersion and high rate and volume of 
fire. Volume of fire, area covered, and a killing zone from gun to target 
arc gained and maintained by firing in bursts. Due to dispersion, the 
bullets of each burst do not follow the same trajectory, but scatter to 
form characteristic patterns in the air and on the ground. The vertical 
pattern is known as the cone of fire, and the pattern on the ground is 
the beaten zone (fig. 66). The cone of fire is oval in shape, while the 
beaten zone forms a long and narrow elliptical pattern (fig. 67). Thus 
the machine gun is a very efTective weapon for engaging such soft or 
thin-skinned targets as troops, crew-served weapons, lightly constructed 
cover, and unarmorcd or lightly armored vehicles. While it has little 
destructive effect against tanks and fortifications, machine gun fire will 
cause tank crews to "button up" and other troops to take cover. Machine 
guns are efTective against point targets; their dispersion and volume of 
fire make them ideal for engagement of area and moving targets. 

116. Classes of Machine-Gun Fire 

There are three general classifications of machine-gun fire (fig. 68); 
they are based on characteristics of the weapon, nature of the target, 
and the terrain within the sector of fire. All niachinc-gun fire will entail 
a combination of these three classifications, which can be further sub- 
divided as follows: 

o. Classes of Fire With Respect to Gun. 

(1) Fixed fire. Fixed fire is fire delivered on a point or small area 
target. The depth of the beaten zone must be sufficient to 
include the target. 



CONE OF FIRE 
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BEATEN ZONE 

Figure 68. Cone of fire and beaten zone. 
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RANGE 
IN YDS 



500 



1000 




90 YDS LONG 2 YDS WIDE 

Figure (!7. Approximate dimensions iij beaten zones, 
caliber JSO machine gun. 

(2) Searchino fire. Searching fire is fire disti-ibuted in depth by 

successive range changes of the gun. It is used against targets 
too deep to be included in the beaten zone of fixed fire. 

(3) Traversing fire. Traversing fire is fire distributed in widtii by 
successive changes in tlic direction of tlie gun. A burst of fire 
may be delivered after each change in directton, or a con- 
tinuous burst may be fired while traversing tlircuigii the target. 
Traversing and scarchitig fire may be ctJtnbined to engage tar- 
gets of considerable width and depth. 

b. Classes of Fire With Respect to Target. 

(!) Frontal fire, yrontal fire is fire dcliveicd at riglit angles to the 
front of a target. 

(2) Flanking fire. Fhuikiug fire is fire delivered against the flank 

of a target. 

^3) Oblique fire. Oblique fire is fire delivered so that the long axis 
of the bcaton zone is at an oblique to tlic long axis of the target. 

(4) Enfilade fire. Enfilade fire is either frontal or flanking fire in 
which the long axis of the beaten zone coincides or approxi- 
mately coincides with the long axis of tiic target. 

c. Classes of Fire With Respect to Ground. 

(1) Plunging fire. Plunging fire is that fire in which the angle of 
tlio cone of fire to the slope of the ground is such that the killing 
zone is practically confined to the beaten zone. Due to this 
angle the beaten zone is materially shortened. Plunging fire 
will occur when the gun is firing from high to low ground, into 
abruptly rising ground, or at long ranges. 
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FLANKtNG (ENRLADE) 




FIXED SEARCHING .TRAVERSING OBLIQUE FRONTAl FRONTAl (ENFILADE) 




Figure 6S. Classes of fire. 



(2) Grazing fire. Grazing fire is tliat fire in winch the center of tlie 
cone of fire docs not rise above the height of a standing man. 
A gun fired over level or uniformly sloping ground will produce 
grazing fire at ranges up to 750 yards. 

117. Tactical Employment of Machine Guns 

The ideal situation for machine gun employment is when targets can 
be engaged from the flank by grazing, enfilade fire. However, in the 
selection of defensive positions, tanks are sited where they can best fire 
with the main gun on avenues of approach for enemy armor. Such a 
position may not offer the most effective class of machine-gun fire ; how- 
ever, the tanks are tied into the fire plan to augment tiic fires of the 



TAGO 10128-B, May 



105 



ground mount machine guns, ivhich will provide the grazing fire. In the 

offense, rapidly changing tactical situations dictate the method of 
employment. Tank machine guns are primarily offensive weapons and 
are normally employed against targets of opportunity. Their flexibility 
and high volume of fire make them very effective against surprise targets 
which must be rapidly engaged in mobile missions. In the attack, tanks 
supporting by fire normally employ the main gun. Maneuvering tanks 
use their main gun as they work toward the objective, but usually fire 
their machine guns in the assault. 

118. Coaxial Machine Gun 

Standard tanks have a caliber .30 machine gun mounted coaxially with 
the main gun. The same turret controls and fire-control equipment are 
used to fire both weapons. For this reason, the coaxial gun is capable of 
delivering accurate fire. Fire is adjusted by manipulating a continuous 
tracer stream into the target. Once fire has been placed in the tai^ct 
area, the gun is fired in bursts of 20 to 25 rounds, traversing and search- 
ing when necessary to obtain area coverage. Since tracer burnout occurs 
at approximately 900 yards, the coaxial machine gun is not normally 
fired at targets at greater ranges. Beyond the point of tracer burnout, the 
main gun should be used. The initial fire command is issued in the same 
sequence as for firing the main gun (par. 89). Range is announced 
mainly for identification purposes, since the coaxial machine gun is nor- 
mally fired from the battlesight range (par. 128). When fire-control in- 
struments whicli do not have a machine gun setting are being used, HE 
is indexed. An example of a typical fire command is as follows: 



119. Bow Gun 

Some tanks have an additional caliber .30 machine gun mounted in the 
bow of the tank (right front of the hull). The bow gunner adjusts by fir- 
ing in a continuous burst, manipulating the tracer stream into the target 
area. He then fires in bursts of 20 to 25 rounds, traversing and/or 
searching if necessary. The bow gun, because of the method of fire and 
the flexibility of the mount, must not be fired over the heads of friendly 
troops. 

120. Turret-Mounted Machine Gun 

The turret- mounted machine gun is employed by the tank commander 
against aircraft, lightly armored vehicles, and fortifications, as well as 



Alert 

Ammunition 
Range 
Direction 
Description 
Lead (if required) 
Command to fire 



GUNNER 

CALIBER THIRTY 

SIX HUNDRED 

(omitted) 

TRUCK 

ONE LEAD 

FIRE. 
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the type targets normally engaged by other tank machine guns. No 
formal fire command is issued. Against aerial targets, the tank com- 
mander fires in a continuous burst as long as the aircraft is within range, 
moving the tracer stream into the target by leading and tracking. He 
adjusts on ground targets by firing in a continuous burst, manipulating 
the tracer stream into the target area. The turret-mounted gun (caliber 
.50) is fired in bursts of 10 to 20 rounds against ground targets. Tracer 
burnout for the caliber .50 machine gun occurs at approximately 1,800 
yards. 

Section VII. FIRING FROM A MOVING TANK 

121. General 

Firing the main gun from a moving tank is inaccurate and difficult, 

but it may become necessary in the final assault, when ambushed, or 
when surprised. Machine guns, however, can be effectively employed 
from moving tanks. The effectiveness of machine-gun fire is enhanced by 
the psychological factor of a moving tank firing on the objective. 

1 22. Crew Teamwork When Firing on the Move 

Successful firing from a moving tank requires crew coordination and 
teamwork. The driver must keep the tank steady and must warn the 
gunner of rough spots. He makes turns only when necessary and prevents 
the transmission from shifting during firing. The gunner must learn tlie 
feel of the tank and must counter its movement by manipulating the gun 
controls to maintain the steadiest possible sight picture. No attempts 
should be made to range on the target; guns are normally fired from 
battlesight (par. 128). 

123. Firing Coaxial Machine Gun on the Move 

Tanks maneuvering against the enemy should not stop to fire the 
coaxial machine gun unless the target is dangerous and good defilade is 
available. If caught in the open, tanks should continue to move toward 
the enemy, presenting their frontal armor to the enemy fire. Within 
effective range, the coaxial machine gim is the best weapon for engage- 
ment of soft targets from a moving tank. Fire is adjusted by observation 
of the tracer stream as in firing from a stationary tank. Aiming tech- 
niques vary with the direction of movement. 

a. Firing to Front and Rear. When moving toward a target, the gun- 
ner adjusts fire to the near side of the target. He then allows the move- 
ment of the tank to move the fire through the target in depth while he 
traverses to cover the target widtii. When moving away from a target, 
he adjusts fire to the far side. 

b. Firing to Side. When firing to the side from a moving tank, the 
gunner adjusts fire to the near side of the target. He then allows the 
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movement of the tank to move the fire through the target width while he 
elevates and depresses to cover the target depth. 

724. Firing Bow Gun on the Move 

The bow gim can be employed only in moving toward the target area. 
The technique of covering the target area is the same as when firing the 
coaxial machine gun to the front {par. 123), 

125. Firing Turret-Mounted Machine Gun on the Move 

The caliber .50 machine gun affords greater firepower at greater 
ranges; however, the accuracy of this fire is affected by the type of 
mount. Fire is adjusted as in firing from a stationary tank, and the tech- 
nique of covering the target area is the same as for the coaxial machine 
gun (par. 123). 

126. Firing Main Gun on the Move 

In training, firing the main gun from a moving tank is prohibited, 
unless the gim is stabilized. However, under combat conditions, it may 
be fired in an emergency. Due to the inaccuracy of this fire, the purpose 
is neutralization rather than destruction. For this reason, HE is nor- 
mally used against all targets. A certain amount of aim-off is required to 
compensate for the movement of the tank. 




DIRECTION OF MOVING TANK 

Figure 69, Beverse lead. 
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a. Firing to Front and Bear. Wiicn the tank is moving toward or 
away from a target, its pitching (iiji and down) motion will cause tiic 
gun to have grcntcr vertical motion than lateral motion. As tiic gmi 
moves ui)war(:l, the gunner fires when the aiming cross ]>asscs the bottom 
of the target; as the gun moves downward, the gimiicr fires when tlie 
aiming cross passes the top of tlie liirgct. This is known as vertical aim- 
off. Tlic gunner adjusts fire by taking more aim-ofi' if lie is firing too 
late, less aim-off if he is firing too early. 

b. Firing to Side. When the gunner is firing to the side from a moving 
tank, the forward and pitciiing motion of the tank will cause the gini 
to have greater lateral motion than vertical motion. The greatest 
lateral motion is in the diroetion of the tank's forward motion. This 
causes the gun to move through the target and gi\'cs a lateral motion to 
the projectile as it is fired. To compensate for this, the gunner fires with 
a reverse lead (5 mils) (fig. 69). He adjusts fire by taking niore Icail 
if he is firing too hitc; less lead if he is firing too early. 

Section VIII. TECHNIQUES OF TARGET DESTRUCTION 

127. General 

A variety of weapons and methods of adjustment arc required to 
destroy various types of targets. Since no two combat situations will be 
exactly alike, no single tcchnitiuu of engaging targets will fit every 
occasion. Because targets differ in importance, ntiture, size, location, and 
actions, tank crewmen — particularly the tank coiimiandcr — must be 
quick to recognize these difTcrenccs and shape their actions to fit the 
situation. As a result of combat experience, certain techni([ues of target 
dcstruetioii have been devised. These tcchnifjues are designed to obtain 
maximum target destruction in the minimum amount of time. They are 
based on a thorough knowledge of basic tank gunnery principles, vul- 
nerability of targets, and the destructive capabilities of tank guns and 
ammunition. 

128. Battlesight 

Battlesight is a combination of a predetermined range setting and a 
specified type of ammunition. It is employed against dangerous surprise 
tai^ets and rapidly fleeing targets. The range and ammunition will be 
determined by the unit commander as the most suitable combination for 
destruction of the most dangerous target expected to be encountered in 
the immediate battle area. Battlesight is incor])oratcd into the unit SOP; 
however, it will vary according to available information of the enemy, 
terrain, and weather. The range can be determined by previous experi- 
ence or rccoimaissancc. Tlie ammunition selected normally depends on 
the probability of tank or antitank op]wsition. A recommended battle- 
eight, which will give good overall performance, is a range of 800 yards 
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and armor-defeating ammunition. This range-ammunition combination 
gives a high hit probability up to 1,000 yards and slioiikl be employed 
when there is no spccifio information regarding enemy targets. Effective 
use of battlcsight depends ou speed and accurate hiying, with the 
cnipiiasis on spcud. Tiiis menus that botli the main gun and machine 
guns are loadoil. Witii guns headed and sights set, a tanic crew sliould 
"have the drop" on a dangerous target. The fiat trajectory of the tank 
gun at a normal battlcsight range should give a first-round liit; if not, the 
gunner will immediately apply burst-on-targct and obtain a second- 
round kill. Should tlie target be at a range that is considerably in excess 
of the battlesiglit range, the tank conimander will not employ battlc- 
siglit. In employing battlesiglit, tlic following specific techniques arc 
used : 

a. Initial Fire Command. An cxampie of a typical battlcsight com- 
mand is — 



b. Actions and Adjustments. Since ammunition and range have been 
previously set into his sight, the gunner merely lays on the center of 
mass and fires on command. Adjustment of subsequent rounds and 
actions of the tank crew are otiicrwise in accordance with standard 
procedures. The loader will continue to load the battlcsight ammunition 
rapidly until the tank commander gives CEASE FIR ID or clinnges ani- 
numition. Once a round has been chamiiered, it should be fired despite a 
subsequent change hi ammunition, and the change made for the next 
round. 

129. Firing by Tank Commander 

Because of his command responsibilities, the tank commander will fire 
the main gun only in an emergency. B3' using his manual controls, the 
gunner can lay initially and make adjustments more precisely and 
quickly than the tank commander. However, in a situation where target 
recognition by the gunner is difficult, it may be necessary for the tank 
commander to take over the firing. For example, due to the position of 
the turret, tlic tanlc conimander nuij' be the only one to observe the flasii 
of fire of a well-concealed antitank gun. The chances are remote that the 
gunner will be able to immediately identify the target, and the seconds 
lost in attempting to "talk" the gunner onto the target might result in 
destruction of the tank. The tank commander fires the initial round and 
continues to fire necessary subsequent rounds until tlic gunner can posi- 
tively identify the target. Firing by the tank commander, particularly 
when burst-on-target is necessary, requires considerable skill and should 
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Ammunition and Range 
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Lead (for moving target) 
Command to fire 



GUNNER 

BATTLESIGHT 

TANK 

ONE LEAD 

FIRE. 
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be attempted only when the gunner cannot immctliatelj' and cfTectively 
engage the target. 

130. Ricochet Fire 

High explosive ricochet fire (fig. 70) is fire delivered at a low angle of 

elevation, witli the inirst occurring close above tlic ground after tlic pro- 
jectile has struck and bounced into the air. Eicochct fire with HE ammu- 
nition is obtained by changing the fuze setting from siiperquick to delay 
and firing short of the target. If the projectile strikes a relatively 
hard surface at a flat angle, the delay action of the fuze will cause an 
air burst. This fire is employed against dug-in troops and other targets 
with defilade but no overhead cover. Tiie alternate metiiod of adju.stnient 
is used to adjust the shell fragmentation effect on the ground into the 
target area. The tank commander is not held to the standard range 
change, but may make any range change he feels is necessary to obtain 
target effect. Tiie gunner lays initially on a well-defined terrain feature 
approximately 50 yards short of and on line with the target. From this 
auxiliary aiming point, he makes necessary range and deflection changes. 
Since the gunner will be laying his aiming cross on this point, it cannot 
be a terrain feature which will interfere with the ricochet action of the 
projectile. If no such point exists, the gunner places the appropriate 
range line on the target, or uses any other auxiliary aiming point wliicli 
will insure that tlie round strikes short and on line. Since ricochet fire is 
normally conducted in a deliberate manner, the tank commander informs 
the gunner of tiic method of fire prior to issuing the fire command and 
insures that the gunner has identified the aiming point before firing. 
Ricochet fire cannot be employed when the ground is soft or boggy, 
because the rounds will bury and explode, giving a mining effect. 

131. Destruction of Armored Vehicles 

Armored vehicles are those combat vehicles whicli cannot be penetrated 
by small arms fire. This class of vehicles includes tanks, armored self- 
propelled guns, armored infantry vehicles, armored utility vehicles, and 
heavy armored cars. The destruction of armored vehicles involves many 
factors, foremost of which are ammunition capabilities, range effect, and 
target vulnerability. 

a. Ammunition Capabilities. The most counnon types of armor- 
defeating ammunition in present use are armor-piercing (AP or sliot) 
and hyper-velocity armor-piercing (HVAP or hyper-shot). Due to its 
greater velocity and hardness, hyper-shot normally achieves greater 
penetration than shot. Therefore, medium tanks are engaged with shot, 
heavy tanks with hyper-shot. Anotlier type of armor-defeating ammu- 
nition is high explosive antitank (HEAT), which blasts through armor 
and does not depend on velocity for penetration. Its penetration per- 
formance is usually greater than tliat of hyper-shot. Some effect against 
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armorcfl vehicles can be olitaincd by HE and smoke; however, these 
projectiles are not armoi-dcfeating. HE has some noncussion effect 
against crews anri is ca])able of daniuging vcliicular suspension systems. 
It is also effective against earriors and self-propelled guns with no over- 
head protection, and against crews dismounting from voliiclcs. Against 
armor, suioUu is used for screening and possible incendiarj' effect. 

b. Effect of Range, l^ej^ardless of the type of aniiniuiitioii oniploj-cd, 
range affects desti'uction of armor from tiie standi)oint of accuracy. At 
close ranges, the determination of tank-to-target range is not difficult, and 
the relatively flat trajectory of tlie projectile compensates consideralily 
for range errors. As the range increases, however, range determination 
becomes less accurate and the trajectory of tiie projectile becomes higher, 
thus decreasing the probability of a target iiit. Adjustment also becomes 
difficult at longer ranges, due to decreased visibility, Ad(htionally, range 
has a direct elTcct on kinetic energy projectiles. As the range increases, 
the penetration capability of shot and liyper-shot decreases propor- 
tionally. Range does not ha\-e this effect on chemical energy j^ro- 
jectilcs; HEAT has a penetration cajiabilily independent of range. Due 
to the many factors involved, it is not j)03sibie to set a maximum effec- 
tive range for engaging ai'tnured vehicles. Tf a target is' not immediately 
dangerous, it should be engaged at the closest jiossiblc range consistent 
with obtaining surprise. On the other hand, ni niored vehicles are engaged 
at long ranges if they arc engaging the tank or attempting to flee. 
Also, when fighting a delaying action or engaged in a fire-support role, 
it may be necessary to cngufje enemy armor at extreme ranges. 

c. Tank Vvbierability. The vulnerability of an armored vehicle de- 
pends on the equivalent thichiess of its armor. Equivalent thickness is a 
combination of actual armor thickness, slope of the armor plate, and the 
angle of approach of the vehicle. Equivalent thickness becomes greater 
as the amount of siojic increases and tlic angle of a])i5roacli decreases, 
because there is more armor placed in the path of the jirojectilc (fig. 71). 
Thus, a tank of given annor thickness with flat surfaces perpendicular to 
the lino cf fire is more vulnerable than a tank of the same thickness 
with sloped surfaces obliciuo to the line of fire. Tanks arc built with 
slojjed surfaces wherever jiossible and have the heaviest armor on the 
front of the hull and turret. Tlic sides and rear of the turi-et have less 
armor, and the least amount is on the sides and rear of the hull. The 
sides and rear of the hull also have flatter surfaces and arc accordingly 
the most vulnerable parts of a tank. Since no enemy will willingly pre- 
sent such a target, the center of mass will vary with the amount of 
target exposed and the angle at which it is engaged. Figure 72 shows 
the possible areas of jicnetration when a nic<liinn tank is being engaged 
with shot aninumition at a range of 1,000 j'ards. If it is possible to get a 
flank or rear shot at a tank, the center of mass is the center of the hull. 
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The center of mass of a tank engaged head-on is the turret ring. Vulner- 
ability flccreascs considerably wlien tanks are in liuU defilade positions. 
Altliough it is possible to penetrate tlic sides of a tank turret with shot, 
penetration of tlie front of tlio turret is less likely. Hypcr-shot or HEAT 
sliould be employed against enemy tanks in hull defilade. 

1 32. Destruction of Unarmored Vehicles 

Unamiored vehicles are those vehicles which can be penetrated by 
small-arms fire. This class includes trucks, automobiles, and vehicles 
with light armor such as half-tracks, scout cars, and some light armored 
cars. Heavy armored cars cannot be i)enetrated by small-arms fire and 
should be treated as armored vehicles. If a doubt exists as to the classi- 
fication of an armored car, armor-defeating ammunition should be used 
against it. Unarmored vehicles are vulnerable to all types of fire; how- 
ever, their speed makes them difficult targets to hit. Tlic caliber .50 
machine gun is ideal for engaging light armored cars, and the coaxial 
machine gun is normally the best weapon for engaging other unarmored 
vehicles at ranges up to 900 yards. At greater ranges, caliber .50 or HE 
should be used. The value of the machine gun lies in its dispersion and 
large volume of fire. Moving targets at close ranges are easier to hit with 
machine-gun fire, and main gun ammunition is conserved for more dan- 
gerous targets. The aiming point varies with the type of target. Moving 
vehicles arc immobilized by hitting the engine or driving compartment. 
Tliis is also a good general rule for stationarj' vehicles; however, com- 
mon sense will dictate certain exceptions. To increase the hit probability 
at long ranges, the aiming point is the center of the vehicle. 

133. Firing at Dismounted Troops 

Dismounted troops constitute an area target of varying dcptli, width, 
dispersion, and vulnerability. 

a. Attacking infantry should be engaged with machine-gim fire when- 
ever possible; however, the tyjie of weapon and ammunition employed 
will depend primarily on the range and the actions of the enemy troops. 
Normally, HE is employed against troops at ranges in excess of 1^800 
yards. At lesser ranges, the fire of the machine guns is added to that of 
the main gun. When firing the machine guns at troops in the open, tlic 
gunner should traverse and search through his assigned sector. When 
possible, he should employ grazing enfilade fire. Depending on the con- 
figuration of the ground, ricochet HE fire may be effective against troops 
advancing under cover. At very close ranges, canister is most effective 
against mass attacks. However, consideration must be given to the 
location of friendly troops before firing canister. When the attacking 
infantry begins the final assault, tanks will shift to the method of fire 
prescribed by the unit fire plan. 
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b. Assaulting tanks will usually employ the coaxial mafiliine gun while 
moving, attempting to fire into trenches and other vulnerable parts of 
the enemy defense. Sniokc can also be employed for incendiary, screen- 
ing, and casualty-producing effect, dei^eiKling on the location and con- 
struction of the enemy position. 

134. Destruction of Crew-Served Weapons 

This category of targets includes antitank guns, towed artillery, 
recoilless rifles, macliine guns, and all other ground mount cre^v-scr^'ed 
weapons. Engagement of crew-served weapons mounted in bunkers and 
pillboxes presents a different problem (par. 135) . Crew-served weapons 
are sometimes encountered in hasty positions, but are usuallj' placed in 
prepared positions with good cover and concealment. They present a 
small target with low silhouette. Normally, HE will be employed against 
these weapons; however, enemy positions with little or no cover may 
be engaged with machine guns when within effective range. Due to 
their dangerous nature and ability to achieve surprise, antitank guns 
may require engagement from battlcsight. In fighting crew-served 
weapons, the crew is the primary target; destruction of the gun is of 
secondary importance. Often, both enemy gun and crew will be well 
dug in ; in such cases, it may be necessary to employ ricochet fire using 
HE delay. 

135. Engagement of Field Fortifications 

Field fortifications arc defensive positions constructed so that tliey 
afTord good fields of fire and i)rotection to the troojis and weapons man- 
ning them. Such a position usually consists of a series of connecting, 
mutually supporting strongpoints. In addition to entrenchments and 
weapons emplacements, field fortifications include such positions with 
overhead cover as bunkers, pillboxes, and built-up areas. Fire alone will 
not defeat a well-fortified position; it is necessary to assault it. The 
following techniques of engaging specific types of fortifications will pro- 
\'ide for the effective fire support vita! to the successful attack of a strong 
position. 

a. Open Entrenchments. Foxholes and trenches give protection 
against direct fire; however, they are vulnerable to air bursts. Tanks 
should employ ricochet fire, using HE delay. If the ground does not 
produce good ricochet effect, impact fire will neutralize much of the 
enemy's firepower, since he must expose himself to employ his weapons. 
At close ranges, macliine guns may also be used to neutralize enemy 
firepower. Indiscriminate firing at trenches is wasteful of ammunition; 
therefore, fire should be placed into occupied sections of trench which 
may be exposed. 

b. Open Weapons Emplacements. Open gun positions have some verti- 
cal surface and are therefore vulnerable to both impact and ricochet fire. 
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Impact fire is more accurate; however, a well-constructed emplacement 
may require ricochet fire. The range and the degree of protection 
afforded by the position will determine whether the main gun or the 
machine guns should be employed. 

c. Bunkers and Pillboxes. Bunkers and pillboxes give good protection 
against all types of fire; however, they can be penetrated by attacking 
their structural weaknesses with the proper anununition. The most vul- 
nerable point on both bunkers and pillboxes is the aperture. A direct hit 
with HE at the aperture of a bunker will result in part of the force of 
the explosion being directed inside the bunker. The possibilities of 
achieving detonation inside a bunker arc increased by employing HE 
delay. An HE projectile set on delay fuze may ricochet inside if it strikes 
near the aperture. If the angle of strike does not allow a ricochet, 
chances of penetration or damage to the structure are increased due to 
the delayed detonation. Concrete-piercing fuze is more effective than 
delay fuze and may be issued for this type of operation. Should HE 
prove ineffective, armor-defeating ammunition may be used. Shot will 
penetrate most log bunkers at normal ranges; however, more than one 
round may be necessary. Once penetration has been obtained by shot, 
HE or smoke can be fired through the opening with dcA'astating effect. 
The technique of attacking pillboxes by fire is generally the same as 
for bunkers except that the additional strength of concrete prohibits use 
of HE delay for penetration puri)oses. The concrete-piercing fuze is 
designed to penetrate pillboxes, or to so weaken the structure that sub- 
sequent rounds of HE concrete will both penetrate and give a blast 
effect inside. Armor-defeating ammunition will achieve deeper penetra- 
tion than HE concrete, but will not damage as much surface area or 
cause as much destruction on penetration. The choice of ammimition 
for engagement of bunkers and pillboxes depends primarily on amniiuii- 
tion availability and target vidnerability ; however, employment of HE 
is preferred because of its greater casualty-producing effect and the 
resulting conservation of annor-defeating ammunition for use against 
armored vehicles. 

d. Built-Up Areas. Built-up areas provide strong defensive posi- 
tions and must be considered as excellent fortifications even when badly 
damaged or reduced to rubble by bombardment and cannon fire. Build- 
ings, particularly those constructed of concrete or masonry, constitute 
strongpoints which normally must be reduced by a combined-arms 
attack. Tanks may encounter a wide variety of targets; however, the 
primary job is destruction of enemy tanks, troops, and weapons behind 
cover. Buildings and other structures are engaged in much the same 
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manner as bunkers and pillboxes. HE with superquick fuze should be 
fired through windows, doorwaj's, shell holes, and other openings. HE 
delay will penetrate wood and other light structures; HE concrete or shot 
is required to penetrate concrete or masonry walls. In all cases, the 
desired effect is detonation inside the building; therefore, once pene- 
tration is effected, HE should be fired through the openings made: Smoke 
has a casualty-producing effect and is also effective against buildings, 
particularly those which will bum. Smoke fired into the ground floors 
produces rising fumes and smoke which force the occupants out. If the 
building is set afire, burning of supports will cause upper floors to col- 
lapse. Reduction of built-up areas produces rubble which, due to its 
thickness and irregular surfaces, forms a nearly impenetrable position. 
Troops barricaded behind such a strongpoint arc effectively engaged by 
ricochet fire, using HE delay. Ricochet fire can also be used to 
"shoot around a corner" by banking HE delay off a wall (figs. 73 and 
74). This type of fire can be adjusted with good effect on targets with 
no overhead cover. Shot and machine-gun fire can be ricocheted in the 
same manner; however, such fire is inaccurate and the effect is primarily 
psychological. 

136. Special Uses of Tank Ammunition 

In addition to the specific techniques of target destruction previously 
mentioned, there are a variety of special uses of main gun and machine 
gun ammunition which have proved effective in battle. Combat situa- 
tions may arise where the following fire techniques could be effectively 
employed. 

a. Use of HE. HE is a versatile type of ammunition in that it is 
employed in numerous ways against a wide variety of targets. The fol- 
lowing special uses are in addition to those previously discussed. 

(1) HE gives excellent fragmentation when fired into trcctops over 
the heads of enemy troops. Superquick fuze is norniallj' cm- 
ployed; however, if the trees are exceptionally tall or the 
troops are deep in the woods, delay fuze should be used. 

(2) HE may be employed in the reduction of certain obstacles such 
as roadblocks and barbed wire. HE fire weakens the structure 
and explodes antipersonnel mines; however, it normally will 
not detonate buried mines. After an obstacle has been reduced 
by fire, it should be checked for booby traps and the immediate 
area probed for antitank mines. HE is not effective in clearing 
minefields. Clearance of extensive obstacles by fire is not prac- 
tical because it requires too much ammunition. 
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(3) HE may be used in reconnaissance by fire of probable enemy 
positions beyond the effective range of tlie caliber .50 machine 
gun (1,800 yards). Such fire is confined to suspected locations 
in order to conserve ammunition. 

fa. Use of Armor-Defeating Ammunition. Armor-defeating ammuni- 
tion is used only against liard targets such as tanks and fortifications 
which cannot be effectively engaged with HE. 

c. Use of Smoke. Smoke is employed for screening, incendiary, and 
casualty-producing purposes. There arc many combat situations where 
use of this round, particularly in conjunction with other ammunition, 
win produce excellent results. 

(1) Screening ser\-es the purpose of blinding the enemy, thus 
allowing greater freedom of movement of the friendly forces. 
Smoke may be placed in fr(mt of the enemy to screen the 
maneuver of attacking tanks or to cover their withdrawal. Due 
to the limited supply of smoke ammunition and the tendency of 
WP sinokc to dissipate and rise- rapidly, tanks should be 
employed for screening purjioses only when other sources are 
not available. Tanks arc capable of temporarily screening short 
movements of the tank platoon or company. The basic factors 
governing the employment of smoke are wind direction and 
velocity (fig. 75). With a wind from the flank, the screen is 
started to the windward side of the target so that it will drift 
into and in front of the enemy. With a taihvind, smoke should 
be placed just in front of the tai-get; when firing into the wind, 
smoke should be placed on or behind the target. When the 
wind velocity is high, the rate of fire must be hicreased to main- 
tain the screen. When firing into a strong licadwind, caution 
must be exercised to prevent smoke frou> rolling back over 
friendly ])ositions. Other effects on adjacent troops must also 
be considered. 

(2) In addition to its incendiary effect on buildings and log fortifi- 
cations, smoke is also effectively used in burning out enemy 

positions in woods and brush. The factors of wind direction 
and velocity which govern employment of smoke for screening 
also apply to its use for burning purposes. Precautions must 
be taken to avoid damage to friendly positions. HE should be 
employed in conjunction with smoke to destroy and harass 
enemy troops driven from cover by fires. 
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With a flank wind aim 
the shell to the windward 
side so the smoke blows 
in front of or over the 
target. 




With a toil wind ploce the 
shell in front of the target. 




With a head wind place 
the shell on or beyond 
the target. 



figure 75, Screening with smoke. 

(3) The casualty-producing effect of smoke is a direct result of its 

incendiary nature. Best results are obtained when smoke is 
fired into an enclosure, such as a bunker or the room of a 
building. It is also effective against troops in the open, because 
the burning pliosphorus particles are scattered over a wide 
area. A single particle can cause severe burning because phos- 
phorus sticks to tile skin or clothing. Although smoke does not 
have the destructive capability of HE, it has a much greater 
psychological effect on troops. 

(4) Smoke may also be used to mark targets. 

d. Use of Machine-Gun Fire. Tanks carry a considerable amount of 
macliine-gun ammunition. Main gun ammunition is conserved by em- 
ploying the machine guns for many special purposes. 

(1) Tank machine guns are well suited for reconnaissance by fire 
of suspected enemy positions and suspicious areas. The caliber 
.30 machine guns may be effectively employed up to ranges of 
900 yards, the caliber .50 up to 1800 yards. API-T (incendiary) 
is particularly useful for this purpose. 

(2) Machine gun fire may be used to designate targets. 

(3) Incendiary and tracer ammunition will set fire to dry brush, 
grass, or wood. 
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(4) Machine guns should be used in conjunction with HE when 
engaging troops in the woods. Due to dispersion, machine gun 
fire will penetrate deeper into ttie woods with only partial 
deflection b}^ trees and brush. The caliber .50 machine gun is 
particularly effective for this purpose. 

Section IX. RANGE CARDS 

137. General 

A range card is a diagram or sketch of an area, showing the tank posi- 
tion, prominent terrain features, and probable targets, all in relation to 
their actual position on tlie ground. Range cards are an aid in firing 
day or night; they are used tor identifying and laying accurate fire on 
plotted targets, laying accurate fire on targets of opportunity, firing at 
night or during periods of poor visibility, concentration of fire, and 
coordination of the defensive fires of a imit. Range cards must contain 
the following information for each target : 

a. Target identification, to include a reference point. 

b. Deflection (azimuth indicator reading). 

c. Quadrant elevation (QE). 

d. Range. 

138. Target Designation 

Both existing and probable targets arc plotted on range cards. 
Probable targets or target areas inchide avenues of approach, defiles, 
obstacles, suspicious localities, and any other key terrain features where 
targets might appear. Targets are designated on a range card by con- 
ventional signs, symbols, or short, descrii>tive phrases. A unit number 
is assigned to each target so tliat it may be identified by all tanks. A 
legend, containing additional target information, may be placed on the 
range card. 

139. Types of Range Cards 

A good range card must be complete, simple, and easily read by all 

tank crewmen. Two of the more common types of range cards which 
meet this basic requirement arc the circular and the sketch range cards. 

a. Circular Range Card. The circular range card (fig, 76) represents 
the face of the azimuth indicator. It consists of three circles, used as 
range lines, and a deflection scale. The deflection scale is graduated in 
100-mil increments in a manner similar to the azimuth indicator. Target 
data is recorded on the range cai'd by drawing lines which coiTespond to 
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the actual range and deflection of eacli target. The target is designated 
by a numbered syrabol placed at the end of the line. Since each line is 
t)ositioncd by intcrt^olation, it is necessary to write the actual deflection, 
range, and (juadrant elevation to the target. However, when the tank- 
to-target range is the same as one of the range lines, the range need not 
be written on the card. The value of tliis ty])e range card lies in its ease 
of reading and direct application to fire-control instruments. Due to 
the limited space for recording targets close to each other, especially if 
a tank is assigned a narrow sector of fire, it may be necessary to use two 
or more range cards in order to accurately ])lot probable targets. 

b. Sketch Rmge Card. The sketch range card (fig. 77) is a simple 
drawing of tiie assigned sector of fire of a particular tank. The drawing 
is schematic with only key tcrruin features, tiie reference point, and the 
tank position designated. Known and probable targets are circled and 



FRONT 
(L) 0 (R) 




(L) 3200 (R) 
REAR 

Figure 70. Circular range card. 
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numbered. Necessary firing data is plotted on a line extending from the 

tank position to each target. This type range card provides ample space 
for plotting targets; however, its value depends on the ability of tank 
crewmen to draw a simple, legible diagram. 




Figure 77. Sketch range card. 

140. Obtaining Range Card Data 

a. Tank in Position. When the tank is in the firing position, firing 
data is obtained by laying on the target and using the tankmounted 
fire-control equipment. Specific techniques will vaiy for different type 
tanks; however, the general method is the same. 

(1) Targets are designated and numbered by the platoon leader or 
company commander. Additional targets for each tank may be 
selected by the tank comnuincler, but these are identified by 
letters. 

(2) Defiection is obtained by zeroing the azimuth indicator on the 
reference point and traversing to each target. The actual azi- 
muth indicator reading is recorded. 

(3) Range is obtained by ranging or by the most accurate method 
immediately available. If estimation is used initially, a more 
accurate range should be determined at the earliest opportunity. 

(4) Quadrant elevation (QE) is obtained by indexing the range and 
HE aiimiunition into the direct-fire control system and laying 
on the center of the target with the direct-fire sight. Then the 
quadrant elevation is determined by centering the bubble of 
the elevation quadrant or gunner's quadrant. 

6. Tank Not in Position. The tactical situation often makes it neces- 
sary for tanks to occupy firing positions at night. If a tank unit relieves 
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another, range cards arc exchanged. Ho\ve\'er, if range cards are not 
available, they can be jircpared by daylight reconnaissance parties, 
prior to moving tanks into position. Mininuiin equipment necessary is 
one aiming circle or M2 compass, and two aiming stakes per position. 
Additional equipment for physically jjroparing tlie position includes a 
shielded light for each aiming stake and white t;ipe to mark the position. 
It is dcsiraljle to have two aiming circles if they arc available. Ujion 
arrival in the area, the reconnaissance party selects tank positions. To 
prepare a range card for a jiosition, an aiming circle is set up to represent 
the center of the tank. Aiming stakes arc used as a reference point. 
If possible, they are lined up at a right angle (1,600 i;fi) to the tank 
position. This alincment facilitates accurate positioning of the tank. 
Firing data is obtained as follows: 

(1) Targets are designated in the same manner as for any otlicr 
range card. They may be selected in advance by the unit com- 
mander or selected on the spot by the reconnaissance party. 

(2) Dejlection is obtained by laying on the reference point with 
the aiming circle, zeroing the scales, and measuring the angle 
to the target, The reading of the Lower scale is subtracted from 
3,200. This is the coiTect azimuth indicator reading for the 
tank. 

(3) Range is obtained by intersection or some other accurate means. 

(4) Quadrant elevation (QE) is obtained I)y cond)ining elevation 
for range with angle of site. Elevation for range for HE anmiu- 
nition is taken from a firing table or from the computer or 
ballistic unit of a tank. Angle of site is measured with the 
aiming circle or M2 compass, or determined from a map. The 
o|)crator comjjensates for the difference in ele\'ation between 
tank gun and instrument by sighting with the instrument on 
the bottom or near edge of the target, 

141. Tactical Use of Range Cards 

Range cards are used for a coordinated concentration of accurate fire 
on known enemy positions or probable enemy targets during day or 
night. The platoon leader coordinates his fire by designating tank posi- 
tions and sectors of fire so that tnaxitnum target area is covered. By 
assigning a unit number to designated probable targets, the platoon 
leader is able to concentrate or shift the massed fire of his unit with a 
single command. A correct, predetermined range allows accurate direct 
fire during daylight on idotted targets, or targets of opportunity which 
appear near a plotted target. Firing at night or during periods of poor 
visibility is normally accomi:)Iished by apiilying the predetermined data 
to tlic auxiliary fire-contiol instruments. However, if ilhmiination is 
available, the direct-fire sights are used. HE is employed against all 
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types of targets when firing under poor visibility conditions because of 
tile fraginentiition effect. Machine guns arc also effective at night, 
particularly iigainst enemy infantry. 

Section X. FIRING AT NIGHT OR WITH POOR VISIBILITY 

142. General 

Tank crews must be ca]inblo of delivering <!ffc(;tivo fire on tlie enemy 
at night or during such conditions of i)oor visil)ility as dense fog, smoke, 
snow, or rain. When neither visibility nor illumination cxi.sts, it is 
necessary to fire from jii-eviously prepared range card data. However, 
when the target i.s visible, or when niglit illumination is available, direct- 
fire method!} arc employed. ^Vhcnevcr jiossiblc, fire is observed and 
adjusted. Effective fire during periods of poor visibility ror|uircs advance 
l)lanning and coordination. 

143. Preparation and Occupation of Night Firing Positions 

Ntglit relief of one tank unit by another normally involves direct 
exchange of position and range card by individual tanks. Such an opera- 
tion requires detailed i»hmning and coordination in order to be accom- 
])lis])ed cfiiciently. Night niovenicnt into a irosition not previously occu- 
pied by another tank unit requires advance selection and jiroiwration of 
night firing positions. Daylight reconnaissance parties establish liaison 
with front-line troops, select tank positions, and prepare the jiositions 
for niglit firing (par. V^Ob). Range cards are made for each tank, and 
positions are n)arkcd for night occu])ation. After the range curd is 
completed, the i)osition of the aiming circle oi' I\'12 compass is marked 
by a stake to represent the tank turret center. Two strijis of wiiite tape, 
intersecting at the position stakes, arc laid out for use in guiding the 
tank into position. The longer tape marks the tank route, tiie shorter 
strip marks the tank position (fig. 78). Tlic two aiming stakes used in 
jireparing the range card are loft in position as the reference point for 
the tank. Night lighting devices, such as covered flashlights or luminous 
markers, are placed on cacii stake so that the tank gun can l)c aUned on 
the refercnoc jioint. The position is now ready for occupation. After 
diirk, each tank is moved into position by a dismounted guide. Light 
discipline must be observed. Interior lights in the tank are masked, and 
blackout lights arc employed by both tank and guide. A piece of white 
tape or a white chalk mark on the front center of the tank hull is used 
in lining up the tank with the route-marking tape. The tube is traversed 
to the angle of the aiming stakes. The tank is then moved forward 
shmdy until it is centered over the position stake. The loader, looking 
tluough the tube, alines the gun by giving necessary directions to the 
driver and gunner. The gunner then zeroes his azimuth indicator and 
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tiavcipr^^to the target area. The tank is now properly positioned for 
nighb^^g. 




Figura 75. Night firing jmsilion. 



144. Firing With Illumination 

At night, brigiit moonlight or artificial iUuniination often provides 
.sullicient visibility to allow target engagement by direct-fire methods. 
The gunner lays on the target with the direct-fire sight and fires, adjust- 
ing by burst-oii-targct or llie alternate method. Fire commands are the 
same as for engaging any stationary or moving target during daylight. 
Artificial illumination is provided by searchlights, ilhiminating shells, 
flares, or fires in the target area. Fires may be started in iiie target area 
by firing smoke at such inflaiinnable objects as brush, trees, or wooden 
buildings. Instrument lights are used to illuminate fire-control in.sti-u- 
iiicnts, to include sight reticles. Before the target area is illuminated, 
adjacont friGndly t.roO|is sliould bo whrncd, so that tiieir positions or 
activities are not e.xposeil. 
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145. Firing With Poor Visibility 

During firing at night with !io illuininiitiou, or during clayliglit periods 
of poor visibility, HE iuniniinition is oinployccl bccniise of the frag- 
mcntiition effect on tlie target wlien ;i direct liit is not obtained. Firin<; 
lit nigiit rliscloses the tank position and requires ;i considerable expendi- 
ture of itnnnunition to obtain effective results. Thu decision to fire is 
based on tiie ini|)oitan(;e of tlio target, tiie aniinunition supply, and the 
l)ossibilities of obtaining target effect. 

a. Engagement of Plotted Targets. To fire on a jireviously plotted 
target, range oiird data is applied to the auxiliary fire-control instru- 
Uicnts. The gunner lays for range I)y setting the indicated ([uadraiit 
elevation on the elevation (piadrant (or gunner's (luadrant) and elevates 
or de|)res.«cs the gun until the leveling lnil)ble is centered. He lays the 
gun for direction by tra\"ersing right or left of the refei'ence ])oint to the 
prescribed azimuth indicator reading. Since the iizinnith indicator has 
been zeroed on the reference |ioint, it is not ncccssaiy to rc-hiy on the 
aiming stakes. Even when it is impossible to adjust fire by observation, 
target hits nuiy be observed under certain conditions of poor visibility. 
For example, HE striking metal causes a distinctive orange flash and 
may have incendiary effect on sonie targets. When target effect is not 
visible, arm fire is employed. To obtain area fire, the initial round is 
fired from range card data; subsequent rounds are fired 1 mil over, 1 mil 
short, 10 mils right, and 10 mils loft of the first round. This pattern 
(fig. 79) gives good area coverage and should result in target destruction 
or damage. 




OF FIRE 

Figure 70. Area fire. 
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b. Engngemevt. oj Targets of Opportunity. Since targets of oppor- 
tunity iiro not acciii-.itcly locjitecl, firing on such targets during jiurlods 
of poor visibility is more difficult than firing on plotted targets. The 
tcclini(iuc of fire depends on whotlier tlie target is located by sound or by 
flash. When a target is disco\-ered Ijy sound, tliu gun is laid in the 
api)roxiMiate direction and the I'angc estimated. Jianjz;e card data to a 
nearby target may be used as a guide. To obtain the best possililc area 
coverage, fire is ailjusted by use of the area fire pattern. \N''lien tiio fiasli 
of an enemy gun is oi)ser\"cd, tlie tank gun is laid on the flash and the 
range estimated. Fire is adjusted by area fire or l^y employing u second 
tank to observe. When two tanks are employed, each gunner lays his 
aiming cross on the flash — one to fire, the other to observe. To prc\-cnt 
distoj'ted sensiiigs, tlie tanks shoidd not Ije more than oO yards apart. 
Tlie gunner or tank connnander of the observing tank senses each round 
in relation to his aiming ci'oss and gives a subsequent fire command to 
the gunner of the firing tank. For exaniple, if the round appears below 
and r> mils left of the aiming cross, the oltservcr announces SHORT . . . 
RIGHT FIVE, ADD TWO HUNDRED, FH^E. Firing continues until 
target effect is obser\'ed or fii'e has been adjusted to the center of the 
ol)ser\-er's aiming cross. H fire has been adjusted without visible results, 
area fire may be employed to eo\-er the target area. 

146. Fire Commands for Firing With Poor Visibility 

When direct-fire sights are used, the normal command for direct fire 

is issued. However, when auxiliary fire-control instrnnicnts are eni- 
ploye<l, range is announced as a quadrant elevation and direction as an 
azimuth indicator reading; for example — 



GUNNER 
HE 

QUADRANT PLUS 

ONE SIX 
DErLI.':CT10N TWO 
FIVE FOUR 
SEVI3N RIGHT 
ANTITANK 
FIRE. 

i\ole. When area fire is desired, llit; tank coiiini:>iuicr will niingunbe ARIiA FIRE 
prior to issuing the fire command. When this is nnnovinccd, ilic gunner Bros the 
fivG-romui (Wttevn witlioiit. fuitlitn- iroinmand. 



Alert 

Ammunition 
Range 

Direction 



Descri])tion 
Command to fire 



GUNNER 

HE 

QUADRANT AIINUS 
SIX 

DEFUECTION FOUR 
THREE TWO LEFT 

TROOPS 
FIRl!:. 



Section XI. MASSED FIRE 

147. General 

The concentrated, massed fire of the tank platoon or company |>ro- 
duces a far greater destructive effect than the uncoordinated fires of an 
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equal number of tanks. Maximum firepower is obtained by coordinating 
and controlling the fire of all weapons of tlic tank unit and its attached 
and supporting units. Coordinatiou of firu is accomi)lislied at all levels 
of tactical command by use of a fire ]ilaii; however, actual control of 
fire is conducted at the platooH or company level. The company com- 
mander coordinates fire by assigning sectors of responsibility to each 
platoon and by planning necessary sup|)ortiiig fires. Jfo controls fire by 
issuing informal fire orders to one or more platoons to engage a target 
or area. Platoon leaders coordinate fire in the same manner as the com- 
pany commander, but they control fire by fire commands. Autboi'ity to 
fii-e on targets of opportunity is normally delegated to platoon leaders; 
however, adjuslniciit of fire is usually accomplished by the individual 
tank commanders or gunners. Because of the wide variety of situations 
that require massed fire, units should develop SOPs to incorporate 
specific techniques and procedures. 

148. Massed Offensive Fires 

Massed offensive fires arc planned and coordinated initially; however, 

once the attack is I'olling, tanks will also engage targets of opportunity. 
Tanks of the maneuvering element usually fire individuallj'- at targets 
as they appear; however, when feasible, the platoon leader concentrates 
the fire of the jjlatoon or a section on a dangerous target. Tanks in 
supjiort deliver massed fire in a more deliberate manner, but must be 
prepared to immediately shift to a new target. 

149. Massed Defensive Fires 

In a defensive situation, the fires of all available weapons are tied 
together to obtain maximum destruction. The tank company fire plan 
is used to coordinate the fires of the jjlatoons. The platoon fire plan is 
based on the range cards of each tank. 

150. Platoon Fire Commands 

The platoon leader controls distribution and volume of fire by issuing 
initial and subsequent fire commands (figs. 80 and 81). E.Kamplcs of 
typical initial fire commands follow. 



Point Target 

PLATOON 

HE DELAY 

MY RANGE ONE SIX HUNDHED 

WATCH MY BURST 

BUNKER 

FIRE. 



Arm Taract 

PLATOOX 
HE 

DIRECT FRONT 

NUMBER TWO— RIGHT PRONT 

NUMBER THREE— RIGHT FLANK 

NUMBER FOUR— LEFT FRONT 

NUMBER FIVE— LEFT FLANK 

TROOPS 

FIRE, 
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Ambuth ?fight Firing 

PLATOON FIRST SECTION 

SHOT ONE ROUND HE 

RIGHT FRONT TARGET NUMBER SIX 

NUMBER FIVE— LEAD TANK TROOPS 

NUMBER FOUR— SECOND TANK FIRE. 

NUMBER TWO— FOURTH TANK 

NUMBER THREE— LAST TANK 

(PAUSE) 

FIRE. 

151. Actions of Individual Tanks in Massed Fire 

Upon receiving a platoon fire comnmnd, cacli tank comniandcr issues 
an initial fire command to his gunner. Unless specified otherwise, the 
platoon command also serves as the fire command for the platoon 
leader's gunner. Adjustment is conducted by each tank crew; however, 
when necessary, the platoon leader adjusts or shifts the fire of the 
l)latoon by issuing subsequent fire comniiinds. When visibility is poor, 
the platoon leader controls the vohmio of fire by specifying AREA FIRE 
or the number of rounds. The conunand CEASE FIRE is also given by 
the platoon leader. 
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CHAPTER 8 
SECONDARY FIRE MISSIONS 



Section I. INTRODUCTION 

152. General 

Although is it not a primary role for tanks, under exceptional circum- 
stances a decision may be made to ein[)loy tanks in an indircct-fire 
mission. Tliis eliapter discusses conduct of indirect fire of tanks in 
defilade, to include deterininution of niinimuni elevation and angle of 
site, initial and subsequent fire commands., and adjustment of fire. The 
material contained in this chajrter is applicalile to indirect fire of the 
single tank or tank unit, operating independently or in conjunction with 
artillery units. 

153. Types of Indirect Fire 

Indirect fire is fire delivered on targets that cannot be seen tlirough 
the direct-fire sights. The types of indirect fire employed by tank 
units are; 

a. Niyht Firing. Tanks employ indirect fire from dircct-firc [lositions 
when firing at night or during other periods of jioor visil)ility. Range 
cards arc used in conducting this type of fire. Tliis type of indirect fire 
is discussed in chapter 7. 

b. Tanks in Defilade. The fire of a tank jjlatoon or section is usually 
employed against area targets. Tanks arc laid and fired as a unit; fire 
is adjusted by a single observer. Fire direction and control may be 
organic or in conjunction with artillery units. This chapter is primarily 
concerned with independent indirect fire of the tank platoon. The dif- 
ferences between this type of fire and indirect fire in conjunction with 
artillery are discussed in paragraphs 181 tiirough 187. 

c. Single Tank in Defilade. The fire of a single tank in a turret 
defilade position is usually employed against point targets. This is 
normally an expedient in a forward area wliero the tank cannot occupy 
a position for direct fire. Initial data is determined and fire is adjusted 
by the tank commander, who phictis himself where he can observe the 
target. 
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154. Firing Positions for Indirect Fire 

a. In selecting a position for indirect fire, the commander of the tank 

unit considers the immediate mission, future mobile missions, and tlic 
security of his command. The following are characteristics of a good 
indirect firing position: 

(1) It should be so located that tankis can fire on targets in tlie 
assigned sector. The position must he well forward, but not so 
near to a hill mask that close-in targets cannot be engaged 
(fig. 82). 

(2) It should be so located that the tank unit has the ability to 
revert rapidly to its primary role of offensive combat. Multiple 
access routes, concealed if possible, arc required to allow tanks 
to move without delay and to permit rcsupply. 

(3) It should pr<n^ido hardstanding with le\-cl ground. 

(4) It should be behind a mask, so that tanks have full cover 
(turret defilade). 

(5) It should permit 6,400-niil traverse, so that tanks can fire in 

any diroction. 

(6) It sliould enable easy communication between observer and 
tanks. 

(7) It should be sufficiently large to allow proper dispersion of 
tanks. 

b. When firing indirect, tanks are numbered from right to left. To 
occupy a firing position smoothly and promjttly, the platoon leader's 
tank (No. 1) move? in on the right with each succeeding tank taking 
position to tiie left. Tanks are positioned approximately 35 yards apart. 
They should not be in a straight line, as this presents an easy tai^et for 
air attack. Staggering the tanks help conceal the position and simplifies 
firing to the flanks (fig. 83) . 

c. The unit's basic load of ammunition should not be used in firing 
indirect. When such employment is contemplated, ammunition is stock- 
piled beforehand, so tliat the tanks are readj' to fight with full ammuni- 
tion racks. The connnander nmst always be read}' to commit his tanks 
in a mobile role if the situation pemiits. 

155. Laying Tanks Parallel 

Once tanks have been positioned, all gun tubes arc laid parallel in the 

direction of fire, with an aiming circle or by reciprocal lajing. This 
procedure insures area coverage and allows control of the fire of all 
tanks bj' a single command. When tanks are parallel, their fire falls in 
the target area in relation to their position on the ground. The frag- 
mentation effect of an HE burst is nearly all to the sides, with little 
effect to the front and rear (fig. 84). This characteristic gives good area 
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coverage in width, aiul staggciing of the tanks in position produces 
coverage in depth. Area coverage is obtained because the effective 
bursting area of 90-inni HE is approximately 40 yards in width and 
7 yards in dciJth, and the tanks are positioned 35 yards apart and are 
staggered in depth (fig. 85). Tlie observer can shift this fire to a new 
target area i)y issuing a single command, because uU tanks are firing 
with tlie siime cjuadrant elevation and deflection. 

156. Minimum Elevation 

«. General. Upon occupation of the position, the gunner of each tank 
will determine minimum elevation. Minimum elevation is tlie lowest 
elevation at which the gun can l)e fired and still clear the mask to the 




Figure S3. Platoon firing position. 
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Figure S4. Fragmentation ejjecl of HE burst. 



front. Because this mask is often occupied by friendly troops, tanks 
are not permitted to fire below minimum elevation. 

b. Determining Minimum Elevation. 

(I) Tiio gunner determines minimum elevation by combining the 
following factors: 
(o) Site to mask. Tlic vei-tical angle between the horizontal of 
tlie gtm and the top of the mask is determined by sighting 
along the Ijottom of the tube and elevating the gun until the 
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lino of sight clears the highest p.art of the mask (a, fig, 86). 
The gun elevation is measured with the gunner's quadrant 
and recorded as site to mask. 
(6) Elevation for range. Elevation for range with HE anmuini- 
tion is obtained by determining the range to the mask by the 
most accurate means available and finding tiio elevation for 
that range from a computer, balhstic unit, or firing table. 
This is added to the site to mask (b, fig. 86). 

(c) Twice C factor. One C is the number of mils of elevation 
required to make a 100-yard liorizontal range change (c, 
fig. 86). For tank gunnery purposes, the C, at normal ranges, 
is 1 mil. Therefore, two C's for the gun, or 2 mils, will ensure 
mask clearance (d, fig. 86). If the range to the mask is 
greater than 3,000 yards, consult a firing table for the C 
factor. 

(d) Troop safety factor. If the mask isxiccupicd or is to be occu- 
pied, the angle subtended by 5 yards at the range to tlic mask 
is added (e, fig. 8(5). This factor is obtained by using the 
mil relation to solve for ijfi. 

(2) The sum of the four factors, expressed in mils, is minimum ele- 
vation (f, fig. 86). If the sum is fractional, the next higher 
whole mil is used. Figure 87 is an example problem in determin- 
ing niininiuni elevation. 

c. Platoon Minimum Elevation. Each tank commander reports his 
minimum elevation to the platoon leader as soon as it is determined. The 
highest minimum elevation computed is the minimvnn elevation for all 
tanks. Each gunner records this figure for future reference. At any time 
during firing that the gunner receives a quadrant elevation or range 
change below this figure, he will cease fire and announce BELOW MINI- 
MUM ELEVATION, UNSAFE TO FIRE. 

157. Angle of Site 

a. General. For indirect firing, the gun is elevated a certain number 
of mils for each range. However, with u gun laid at tiie correct eleva- 
tion for a certain range, t!ie projectile will hit a target at that range only 
when the target is at the same altitude as the gun. If the target is on 
higher ground than the gun, the projectile strikes short; if the target is 
lower than the gun, the projectile falls beyond the target (fig. 88). There- 
fore, in laying for range whon there is a difTerencc in altitude between gun 
and target, angle of site nnist be considered. Angle of site is the vertical 
angle between the horizontal of the gun and a line joining the gun and 
target. If the target is above the gun, the angle of site is phis; if the 
target is below the gun, the angle of site is minus. In flirect fire, angle 
of site is included when the sight is laid directly on the target. In 
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AfPROX 
180 YDS 




APPROX 

140 YDS 

Figure So. Oblaining area coverage. 



indirect fire, where cle\-atioti is measured fi'oiii the liorizontal, angle of 
site is combined witli elevation for range to obtain quadrant elevation 
(QE). A phis angle of site is added to the elevation for range, a minus 
angle of site is subtracted, 

b. Determining Angle of Site. 

(1) When the jiosition of the observer is close to and at about the 
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same altitude as the firing position, one of the following methods 
may be used to dctennine angle of site: 

(a) A point in the target area at approximately the same altitude 
as tlic firing position is selected. The vertical difference in 
mils between that point and the target is road from the 
binocular reticle. This method gives an approximate angle 
of site. 

(b) An aiming circle can be used to measure angle of site directly. 
When the observer is above the firing position, he takes his 
reading h'om the top or far edge of the tiu'gct. 

(2) Angle of site may be coniputctl by use of a map and the mil 
relation. This method is simple, does not rc(|uirc special equip- 




a. Site to Mack (ANOU 1) 


b. Elavatian for Range lANOLE i) 











' leo YDS 




c. "Chielof 


d. Twi<* "C" Foclor (ANOIE 1) 




Tioop Safftrty Factor (Anglo tubloiidod by 5 yards ol f. Minimum olovotton It Iho Mini ol Iho four cnglot 
ibo rango le tha tnvA) lAMciE 41 

Figure S6. Slept in delermining minimvin clcvalinii. 
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2000 yib or 20.6 pf 



1. SITE TO MASK 4 

2. ELEVATION FOR RANGE 20.6 

3. 2C'i 2 

4. TROOP SAFETY FACTOR 2.5 

(M= ^ = J. =2.5) 29.1 OR MINIMUM B.EVATION=30a< 

R 2 



Figure S7. Minimvm elevnlion problem. 

racjit or an OP nc:ir the firing position, and is accurate for 
tank gunnery purposes. Procedure is as follows: 
(a) Firing position and target ai e jilotted and range determined 
from tlic map scale. In figure 89, tlie range is 3000 yards. 




A nOlECmi FWfD AT THE CODtKT ElEVATiON 
FM A «AN6E Of 1000 YDS STRIKES AT 1000 YDS 
IF mE TAKOtT IS AT THE SAME lEVEl AS THE OUNL 




ir THE TARGET IS ON HIGHER GROUND 
THAN THE GUN, THE PROJECnLE FAllS SHORT 




GET. THE PROJECTILE FAllS BEYOND THE TARGET. 

Figure SS. ESect of angle of site. 
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(6) AltiUulcs of botli firing jiosition and target are determined by 
inter]>oiating between contour lines. The difference in alti- 
tude is obtained by subtracting tlie lower altitude from the 
higlicr. Range and the difference in altitude must both be 
expressed in (he same unit of measure (yards, meters, etc.). 
In figure 89, the difference in altitude is 45 feet or 15 yards. 

(c) By use of the mil relation, the difference in altitude {W) is 
divitled by the range (R) to obtain angle of site (id). In 
figure 89, angle of site is + 5 mils (target higher than firing 
position) . 

ANGLE OF SITE FROM A MAP 




CONTOUR INTERVAL 20 feet 



RANGE TO TARGET: 3000 yards (Oatermined from Map Scale) 

ALTITUDE OF TARGET: 235 feel 

ALTITUDE OF TANK: T90 foet 

DIFFERENCE IN ALTITUDE: 45 feet or 15 yards 

W , 15 



ANGLE OF SITE = +5 

Figure S9. Determining angle of site jrom a map. 

(3) An aiming circle (or M2 compass) may also be used in conjunc- 
tion witli the mil relation to determine angle of site. This 
method is somewhat time-consuming, but may be emploj'cd 
when the OP is not near the firing position and a map is not 
available. The obsei-xxj- selects a spot where lie can sight on 
the firing position and tlic target, and proceeds in the following 
manner: 
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(a) OP to T jor W. With an iiiiiiing circle, the observer measures 
the vertical angle from his position (OP) to the target (T). 
He then determines the range from OP to target by the most 
accurate means available. Using the mil relation, lie multi- 
plies the vertical angle by the range (R) to obtain the 
(lifferenci; in altitude {W) between OP and target. In figure 
90, the difference in altitude is 25 yards, 

(b) OP to G jor W. Using the same method, the observer now 
computes the difference in altitude {W) between the OP and 
the firing position or gun (G). In figure 90, the dififerencc 
in altitude is 10 yards. 

(c) G to T for W. Using the results of these computations, the 
observer ul:>tains the difference in altitude between gun and 
target by addition or subtraction. If both gun and target 
are below or above the OP, the lower altitude is subtracted 
from the higher. If one is below the OP and the other above, 
the two altitudes are added together. In figure 90, the dif- 
ference in altitude between gun and target is 35 yards. 

(rf) G to T for nil. Again using the mil relation, the observer 
determines angle of site (i/i) by dividing the difference in 
altitude between gun and target (1^) by the total range from 
gun to target (K). In figure 90, ijft is 11.6; therefore, angle 
of site is -|-12 mils (target higher than firing position). When 
angle of site is fractional, it is announced to the nearest whole 
mil; when angle of site is added to or subtracted from eleva- 
tion for range, fiactions are not rounded off until the two 
figures have been combined. 




1. OP TO T FOR W: W ^ RXM = 2.5X10 ^ 25 YDS 

2. OP TO 6 FOR W: W = RXM = .5X20 = 10 YDS 

3. DIFFERENCE IN ALTITUDE BETWEEN TANK AND TARGET = 35 YDS 

4. G TO T FOR Bf: nl = W. = ^ = 11.6 = -(-12ii< 

R 3 

Figure 90. Determining angle oj site by vse of aiming circle and mil rckUion. 
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Section II. INDIRECT FIRE OF THE TANK PLATOON 



158. Indirect Fire Missions 

Two types of indirect firo niissioiis aic iissigncd to tank units — 

(I. Fire for Neulralizatioii. Thiis is firo designed to make iin enenij''s 
position untenable during tlic fifing, and to cause casualties and damage 
whicli will reduce enemy combat eifieicney. Area coverage is obtained by 
massing the fire of the unit. To conserve ammunition, adjustment is 
made by the (scntcr tank, or base tank, of Oie unit. The base tank of the 
tank platoon is tank No. 3. Couiniands are followed by all tardus of tlic 
platoon; when the adjustment is con]plote<l, the fire of the entire unit is 
])laced on the tai-get area. 

b. Fire for Destruction. This is fire designed to destroy a point target 
such as an antitank gun or building. Bunkers and pillboxes arc not 
profitable targets because of the high aninuinition expenditure required 
to achieve effect. Adjustment is made by a single tank. Other tanks of 
the platoon follow all conmuinds so that a<lditional fire niaj' be phtced on 
the target if necessary. 

159. Sheaf 

Distribution of fire depends on the sheaj, or plane of fire of two or 
more tanks. The width of a sheaf is the lateral distance between the 
flank bursts. Tanks employ two types of sheaf for indirect fire: 

a. Normal (Parallel) Sheaf. A norma! sheaf is one in which the i)lancs 
of fire are parallel. Since tanks are normally positioned 35 yards apart, 
the width of a normal sheaf for a tank platoon is 140 yards. This type 
of sheaf is used for neutralization of area targets. Should the width 
of the target area be greater tlian the slieuf, the entire sheaf is shifted 
by a single connnand to all tanks. 

b. Converged Sheaf. A converged slioaf is a special sheaf in wliich the 
planes of fire converge on the target. Tiiis type of sheaf is used for 
destruction of a point target. The sheaf of a tank platoon is usually con- 
verged on tlic base tank by use of the mil relation to determine the 
necessary shift for the other tanks. With tanks jiositioncd the same 
distaiico apart in a parallel sheaf, only one mil relation computation is 
required. The amount of shift for tlic two hiterior tanks is the same; 
for the two flank tanks, the figure is doubled. In figure 91, the shift 
for No. 2 and No. 4 is left 7 and riykt 7 respectively; for No. 1 and 
No. 5, left 14 and riyht 14. 
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. '. #2 = LEFT 7 
#4 = RIGHT 7 

#1=IEFT 14 

Figure 91. Converged sheaf. 
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160. Organic Fire Control of Tank Platoon 

a. The platoon is the basic firing unit of the tank company. Indirect 
fire of the tank platoon is controlled at the firing position by the fire 
control officer (FCO), who normally is the platoon leader. He is 
responsible for positioning tanks, laying guns parallel, and directing the 
fire of the platoon. Upon receiving the minimum elevation from each 
tank, he determines minimum elevation for the platoon. He also de- 
termines angles of site of i)rominent terrain features in the target area. 
When the altitude of the target area is reasonably constant, an average 
angle of site is determined. To save time during a fire mission, tiie fire 
control officer uses the average angle of site, or the angle of site to a ter- 
rain feature at approximately the same altitude as the target. Upon 
receiving an initial fire rcciuest or subsequent correction from the 
observer, the fire control officer directs fire by issuing necessary initial or 
subsequent fire commands to the tanks. The post orthe fire control officer 
is where he can best control the fire of the platoon. Control is exercised 
by voice, wire, or radio. AVire should be provided to each tank to facili- 
tate control and keep the radio net clear for communication with the 
observer and the company CP. Necessary fire-direction equipment for 
tlic fire control officer includes a map, a straigiitedge, and a firing table or 
graphical firing table (GFT). Not required, hut very useful, arc map 
pins and n ruler graduated to the map scale. The fire control officer re- 
rfuires one assistant. The assistant 0]3crates the radio or telephone and 
records |)iatoon minimum elevation, angles of site, and each fire mission 
to include fire request, corrections, and all fire commands to the tanks. 
Every fire mission is assigned a concentration number for future refer- 
ence. The computer's record, as described in FM 6-40, may be used as 
a guide for format of the recorder's log. 

b. Since observ-ers are not provided by tables of organization, it is 
necessary for the platoon leader to designate a qualified individual. The 
observer establishes his OP where he can observe the target area from a 
location on line, or nearly on line, with the center of the firing position 
and the center of the assigned sector of fire. This location is necessary 
because tank units do not have the equipment to employ artillery fire- 
direction methods. Consequently, it is necessary to adjust fire from, or in 
relation to, the gun-target (GT) line. A central location places the 
observer as close as possible to the line of fire, allowing him to make 
more accurate sensings than could be made from a position to either 
fiank. Radio is the normal method of communication with the firing 
jwsition; however, wire should be laid for sustained operations in a static 
situation. Fire-control cciuipment for the obser\'cr includes maps, 
binocular, M2 compass, and, when available, an observation telescope. 
The drivei- of the observer's vehicle acts as an assistant, and should be 
capable of taking over if the observer becomes a casualtj'. As an aid in 
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firu adjustment, the ol)sor\ er inukcs a rough tenaiii sketch of tlic assigned 
sector. The observer's sketch (fig. 92) is a schematic diagram of key 
terrain and the location of firing [position, OP, and reference points. 
As concentrations are fired, tlioy :irc ])lotte(l for future reference. 

161. Determination of Initial Data for Indirect Fire 

Targets are located in relation to a point known on the ground and/or 
a luap by the obser\'cr and the fire control officer. Tlie fire control officer 
determines data to engage a tiirget by measuring the necessary shift in 
range and deflection on his firing chart (map). Known jjoints may be 
a registration point, a previous concentration, or coordinates. 

o. Registration Point. A regiHtration (base) point is a known i)oint in 
the ai)i)roxiniate center of sector, used as a reference point for computing 
data. It is selected by the observer, and must be an easily distinguishable 
terrain feature wliich cannot move or be i emo\-ed by fire. Wlienever i)os- 
siblc, the registration ])oint should be identified on a inaj), so tliat its 
location can be plotted. Tanks should be registered on the registration 
point as soon as i)ossi1)lc after moving into [rosition. To register the tank 
platoon, the obser\-er requests MARK CENTER OF SECTOR. Since 
tanks have been laid parallel in the direction of fire, only the base tank 
fires — with zero deflection, and a quadrant elevation for tlic range of the 
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Figure 0>>. Observer's sketch. 
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approximate center of sector. With all tanks following commands, the 
fire of the base tank is adjusted until the registration point is hit or the 
closest possible adjustnicnt has been made. On completion of the regis- 
tration, all gunners zero their aziniuth indicators without disturbing tlic 
lay of the guns. Tanks are now laid parallel in the registration point 
direction and will make all deflection shifts from this reference point. 
The adjusted quadrant elevation and zero deflection (6,400 mils) are 
entered in the recorder's log as registration point data. Tlie fire control 
officer plots the firing position and the registration point on his firing 
chart, connecting the two points with the registration point line. If the 
registration point cannot be located by coordinates, the registration point 
line is plotted on the chart from firing data. This is done by drawing the 
registration point line from the firing position along the measured 
grid azimuth of tlic gims. By use of the map scale, the line is terminated 
at a point representing the known registration point range. This point 
is the registration point location. Initial data to engage a target located 
with reference to a registration point is determined in the following 
manner: 

(1) The observer determines the necessary shift from registration 
point in yards, for botli direction and range, and sends his fire 
request to the fire control officer. 

(2) The fire control officer plots the target by measuring the shift 
on his chart. By inspection, he determines if angle of site must 
be considered. 

(3) Range is determined by adding (subtracting) the range shift; 
to the rcgisti-ation ]5oint i-angc. Elevation for range is obtained 
from a grajihical firing table or a firing table and is combined 
%vith angle of site to give the quadrant elevation. In figm-e 
93, the quadrant elevation is 86 mils. 

(4) Deflection is determined by converting the direction shift from 
yards to mils. This is done by using a grajihical firing table or 
the mil relation. If a graphical firing table is not available, the 
mil relation can be used to prepare a conversion chart (fig. 94) 
prior to firing. Deflection is sent to the tanks as an azimuth 
indicator reading (if the target is right of registration point, the 
mil shift is subtracted from 3,200 mils; if Uie target is left of 
registration point, the mil sliift is the azinmtli indicator read- 
ing). In figure 93, deflection is 16 left. 

b. Concentrations. All fire missions are assigned concentration num- 
bers by the fire control officer. After the mission is completed, the ad- 
justed quadrant elevation and deflection are entered in the recorder's 
log to establisli additional known ])oints in the target area. Should a 
target appear closer to a previous concentration than to the registra- 
tion point, the observer dctennincs tlie shift from that concentra- 
tion. Additionally, when there is renewed enemy activity in tlie area of 
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CONTOUR INTERVAL 20 FT 

Figure 93. Determining initial data from registration point. 



the concentration, the observer may request that the concentration be 

rcfired. The fire control officer uses the same procedure in determining 
firing data for a shift from a concentration as in shifting from registra- 
tion point. 

c. Grid Coordinates. When a target can be located on a map, its loca- 
tion may be sent by grid coordinates. This method is more accurate than 
computing a shift when the target is a considerable distance from a 
known point. Data to engage a target from map coordinates is deter- 
mined as follows: 

(1) The fire control officer plots on his chart tlie coordinates of the 
target, determining angle of site if necessarj', 

(2) Range is determined by measuring the distance between the 
plotted target and the firing position, converted to quadrant ele- 
vation by combining elevation for range and angle of site, and 
sent to tanks. In figure 95, QE is 83 mils. 

(3) Deflection is determined by measuring from tlie coordinate to 

the registration point line. This deviation in yards is then 
converted to mils and sent to the tanks as an azimuth indicator 
reading. In figure 95, deflection is 3,010 right. 
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AT KNOWN RANGE, 20 ifi 
MAKES 100 YD DEVIATION SHIFT. 
BY INTERPOLATION, 16 lA 
MAKES 80 YD SHIFT. 
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^ELEV FOR RANGE 
-5600 = 85 rf> 



"I" M r 



o 



13 



OBSERVER'S SHIFT: " From RegistroKon Point, left 80, Add 600 . 



PREVIOUSLY DETERMINED INITIAL TARGET DATA STEPS IN DETERMINING 

REGISTRATION POINT DATA: DETERMINED BY FCO: INITIAL TARGET DATA: 



ElEV 
SITE 
QE 
OEFl 



5000 yards 
71 ifi 


RANGE: 
ELEV : 


5600 yords ... 
85 * 


. range shift combined with regis- 
tration point range 
...tolcen from GFT 


-HI * 


SITE : 


-fl ih 


determined from map 


74 rfi 


QE 


86 ih 


site combined wfth elevation 


6400 rfi 


DEFL . 


16 LEFT 


interpolated from GFT (use known 



range) 

Figure OS — Contimied. 
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DEVIATION— DEFLECTION CONVERSION CHART 
To convert a daviaiion In yards to a mil deflection, the following chart 1$ uMd: 
MIL SHIFT FOR DEVIATION OF: 



RANGE 


100 YDS 


50 YDS 


20 YDS 


2000 


50 i/( 


25 r/> 


10 rft 


2500 


40 tft 


20 


8 i}( 


3000 


34 fh 


17 1^ 


7 


3500 


29 rft 


15 0 


6 ifi 


4000 


25 rfi 


13 lyl 


5 i]A 


4500 


23 


11 


4 ijd 


5000 


20 lyi 


10 i/i 


4 


5500 


19 


9 7^ 


4 


6000 


17 


8 1/^ 


3 


7000 


15 i}fS 


7 


3 iji^ 


8000 


13 i/ 


6 ij^ 


3 i>i 


9000 


11 jfi 


6 1^ 


2 


10000 


10 i/t 


5 1^ 


2 'A 


11000 


9 Q( 


5 tfi 


2 


12000 


8 lyi 


4 ifi 


2 


13000 


8 ifi 


4 


2 


14000 


7 i, 


4 i/ 


1 1,4 


15000 


7 


3 i]f^ 


1 ^ 



Figure 04 • DefincUim-deviulion ctniversion churl. 
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LEV » 

BElltD _S , 

F lb 

SiOOi, Off* 



I 2- 
<- 



00^*' 



AT KNOWN GT RANGE, 19 vh 
MAKES 100 YD DEVIATION SHIFT. 
THEREFORE 190 *i WILL MAKE 
1000 YARD SHIFT. 




FOR RANGE 



OBSERVER'S COORDINATES! " CoordlnatM 104913. 



PREVIOUSLY DETERMINE INITIAL TARGET DATA STEPS M DETERMINING 

REGISTRATION POINT DATA. DETERMINED 8Y FCO: INITIAL TARGET DATA. 

RANGE: SOOO yards RANGE: 5450 yards measured on map 

ELEV -. 71 A ELEV : 82 lA token from GFT 

SITE tft SITE determined from mop 

QE : 74 1^ QE I 83 th site combined with elevation 

DEFL : 6400 rfi DEFL i 3010 RIGHT deviation measured on maps,- deflec- 

tion token from GFT (usa known GT 
range) 

Figure SS — Continued. 



Section III. INITIAL FIRE REQUEST 
162. General 

To obtain fire on a target, tlie observer transmits an initial fire request 
to the fire control officer at the firing position. The initial fire request 
for tank indirect fire is tlie same as the request for artillery and otiier 
indirect-fire weapons except that the observer-target (OT) azimuth is 
not included. Since tank indirect fire is adjusted from the giin-targct 
line, the observer-target azimuth is not a factor. Any observer who can 
communicate with the firing position can adjust tank fire; however, 
observers from other units must be informed to adjust from the gun- 
target line. Should an observer not know the general location of the firing 
position, the gun-target line can be established by a correction of ADD 
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(DROP) 400 after observation of the first round. The eicinents of the 
initial fire request are announced in tlie following sequence: 

a. Identification of observer. 

b. Warning. 

c. Location of turgct. 

d. Nature of target. 

e. Unusual requirements (noniuiUy omitted). 
/. Type of control. 

1 63. Elements of Initial Fire Request 

Announcement of the elements of the initial fire request is the same as 
outlined in FM 0-135 with the exception that the observer-target azi- 
muth is omitted and the location of target is determined in a slightly 
different manner. Tliese exceptions are due to the gun-target line 
method of adjustment. Target location for tank indirect fire is deter- 
mined by one of the following methods: 

a. Cordinates. When the observer can locate the target on his map, 
he may send six-digit coordinates; for example, COORDINATES 
345,876. This is a rapid method of target location, and is usually more 
accurate than a large shift from a reference jioint. 

b. Shift. The observe may locate the target by a shift from a refer- 
ence point, such as the registration point or a previous concentration. 
The shift is given as a direction and range correction in yards; for ex- 
ample, FROM REGISTRATION POINT, RIGHT 80, ADD 600; or 
FROM CONCENTRATION CHARLIE 103, LEFT 100, DROP 400. 

(1) Direction. When the observer is on or near the gun-target line, 
the direction correction is obtained by first measuring the devi- 
ation in mils from the reference i)oint to the gun-target line. 
Then, by use of the mil relation, deviation (jfi) is multiplied by 
the distance from observer to reference point (R) to obtain the 
direction correction {W). The direction correction is sent to 
the nearest 10 yards. In figure 96, tiie correction is RIGHT 
400. If the observer is not near the gun-target line, deviation 
cannot be measured accurately. In such cases, the direction cor- 
rection is obtained by estimating the lateral distance between 
the reference point and the guii-targot line. When the direction 
of the target is the same as tliat of the reference point, a direc- 
tion correction is omitted from the fire request. 

(2) Range. Tiie range correction is determined by estimating tho 
distance along the gun-target line to the target from a point 
where a perpendicular line from the refci'ence point intersects 
the gun-target line. The range cori-cction is sent to the nearest 
100 yards. In figure 96, the range correction is ADD 600. If tlic 
range to reference point and target arc estimated to be tho same, 
the correction is announced as REPEAT RANGE. 
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REFERENCE 
POINT \ / 




TARGET 



RANGE CORRECTION 

(ESTlAAATED)i 
ADD 600 



DIRECTION CORRECTION: 
W = RXM ■* 2x200 = 400 YDS 

RANGE CORRECTION.- 
ESTIMATED TO NEAREST 100 YDS 



OBSERVER 

Figure 06. Target location by shijt from rofcrcticc point. 

c. Markiny Volley. Wlien the obsciver docs not know the location of 
reference points, he may request a marking round from which to shift to 
the target; for example, MARK REGISTRATION POINT or MARK 

CENTER OF SECTOR. 



1 64. Examples of IniHal Fire Request 

THIS IS BRAVO 7 THIS IS DELTA 5 



FIRE MISSION 
{send your mission) 
COORDINATES 

987,456 
INFANTRY COM- 
PANY IN WOODS 
WILL ADJUST. 



FIRE MISSION 
(send your mission) 
FROM REGISTRA- 
TION POINT 
RIGHT 60, ADD 400 

ANTITANK 
WILL ADJUST. 



THIS IS TANGO 2 

FIRE MISSION 
(send your mission) 
CONCENTRATION 
101 

BATTALION 

ASSEMBLY AREA 
FIRE FOR EFFECT. 
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Section IV. INITIAL FIRE COMMANDS FOR INDIRECT FIRE 



165. General 

Indirect fire of tanks i= directed by fire coiiiiimnds from tlie fire 
contnil nfliccr. Tlie fire control officer l)a.<es liis initial fire coniniaiid on 
the initial firo request of the observer. The initial fire command for 
indirect fire consists of six ctcnientg and is issued in the same sequence 
as initial fire commands for direct fire (pai'. 89). 

1 66. Alert Element, Indirect Fire Command 

The alert element alerts the unit for tlic fii'c mission and designates 
the unit or taTik to fire. When adjustment is necessary, the base tiiidc 
fii'cs and the remainder of the unit follows connnands. This is announced 
as PLATOON ADJUST, NUMBER 3. If no adjustment is necessary, 
the command is PLATOON or the number of the section or tank to 
fire (2D SECTION or NUMBER 2). The alert element also indicates 
whether volley or salvo fire will be employed, 

(I. Volley Fire. Volley fire is a spccificil niuiibcr of rounds fired by 
each firing tank. Once the initial command to fire ha.? boon g^^■c^, the 
indicated number of rounds arc fired rajiidly without fui ther command. 
Unless otherwise specified, volley fire is the method employed. 

b. Salvo Fire. Salvo fire is successive firing at a prcsci'ibcd time inter- 
val by tanks in position. One salvo is one round fired by each firing 
tank. The command for salvo fire is PLATOON RIGHT (LEFT). On 
the command to fire, the right (left) flank tank of the unit opens fire, 
followed by each adjoining tank at two-seconti intcr\als. To var}'^ the 
firing intei val, it is necessary to specify the time; for example, PLA- 
TOON RIGHT, 5-SECOND INTERVAL. 

167. Ammunition Element, Indirect Fire Command 

The ammunition element is announced using standard direct-fire 

terminology for projectile and fuze. In addition, the number of rounds 
to be fired is announced; for exam])le, 1 HOUND HE or 3 ROUNDS 
SMOKE. HE with sujjerquick fuze is em|)loycd for most indirect fire 
targets. 

168. Range Element, Indirect Fire Command 

The range element is announced as a quadrant elevation to the nearest 
whole mil. Quadrant ele^'atioll is determined by combining the elevation 
for range and the angle of site. For example, an elevation for range 
of 123.4 mils and an angle of site of minus 3.7 mils ai-e combined to give 
a quadrant elevation of 119.7 mils. This is announced as QUADRANT 
120. 
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169. Direction Element, Indirect Fire Command 

The direction element is amiouiicecl as an azimuth indicator reading 
left or riglit of registration point (zero deflection). Thus, when a target 
is 124 mils left of registration point, direction is announced as DEFLEC- 
TION 124 LEFT; the same deviation to riglit of registration point is 
announced as DEFLECTION 3,076 RIGHT. 

170. Description Element, Indirect Fire Command 

The dcscri|>tion clement is announced to tAnk crews for information 
purposes and because this knowledge gives added incentive to tank crews. 
Staiulard tankers' terminology is used; for example, "infantry in the 

open" is announced as TROOPS. 

171. Command to Fire, Indirect Fire Command 

Tanks fire on the command FIRE, which is issued by the fire control 
officer. After the description element, the firo control officer withholds 

this (■onnnanci until the conmianders of tanks to fire have signified readi- 
ness by raising their iiands or announcing READY. 

1 72. Examples of Initial Fire Command, Indirect Fire 

PLATOON PLATOON PLATOON NUMBER 2 

AD.)UST RIGHT 

NUMI3ER 3 

1 ROUND HE 2 ROUNDS HE 1 HOUND HE 3 ROUNDS 

HE DELAY 

QUADRANT 116 QUADRANT QUADRANT QUADRANT 52 

88 120 
DEFIvECTION DEFLECTION DEFLECTION DEFI.ECTION 

2,814 RIGHT 66 LEFT 1,234 LEFT 44 LEFT 

TROOPS TRUCKS TROOPS ANTITANK 

FIRE. FIRE. FIRE. FIRE. 

173. Crew Firing Duties, indirect Fire 

In orticr to obtain speed in firing while rctjiining accuracy, tank crews 
porfonn firing duties in a logical sequence as the fire command is issued. 
Each element of the fire command requires specific action by the crew. 

n. Alert. All tank crews designated to fire or adjust are alerted for 
the fire mission. Crewmen assume position and prepare to follow com- 
mands. Each clement of the conunnnd is repeated by the tank com- 
mander. 

b. Ammunition. All loaders select the designated ammunition, setting 
fuze if necessary. Only tank gims to fire arc loaded; commanders of non- 
firing tanks ciiution DO NOT LOAD prior to repeating tj-^pe of ammu- 
nition. Loaders announce UP after loading. 
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c. Range. All gunnuis index the announced quadrant elevation on ele- 
vation quadrant, but do not center bubble at this time. 

(1. Direction. All gunners traverse nianually in the indicated direc- 
tion until the preseribed deflection is indexed on tiie azinnith indicator. 
On coniijletion of travorse, eacli gunner nianually elevates or dcprcisscs 
the gun until the elevation quadrant bubble is centered. The gun is now 
laid for range and direction. 

c. Description. Gunners cheek azimuth indicator and elevation cjuad- 
rant, turn on main gun switch (tanks to fire only), and announce 
HEADY to tank couunander. Tank connnanders tlien signify readiness 
by raising arms or announcing READY to the fire control officer. 

/. Command to Fire. Upon receiving the ready signal from tanks to 
fire, the fire control officer commands FIRE. Gunners announce ON 
THE WAY and fire; the fire control ofTicer sends ON THE WAY to tlic 
observer. After the initial round has been fired, the actions of the 
crews depend on the ty])c fire specified in the initial command. When 
more than one volley has been ordered, the loader loads innnediatcly 
after firing. The gunner checks his lay ajter loading, re-lays if necessary, 
and announces READY' to the tank conniiander. All subsequent com- 
mands to fire are given by the tank commander; the crew continues to 
fire rajndly until the si)ecified number of rounds liavc been expeiuled. 
After firing tlic last volley or salvo, the loader stands b\', but docs not 
load. The gunner checks his lay, turns off the gun switch, and waits for 
a subsequent command. 

Section V. ADJUSTMENT OF TANK INDIRECT FIRE 
174. General 

Indirect fire is adjusted to bring accurate massed fire on the target in 
the shortest possible time, thus obtaining maximum destructive cfi'eet 
before the enemy can take cover or move out of the fire. Fire is ad- 
justed by bracketing the target. Bracketing means to inclose the target 
between bursts which are over and short for range. This bracket is then 
reduced until target cfTcctis obtained. Indirect fire of tanks and artillery 
is adjusted, liasically, in the same manner, with the exception that tank 
indirect fire is characterized by adjustment of a single tank with refer- 
ence to the gun-target line while artillery is normally adjusted by two 
guns with reference to the observer-target line. The adjustment of tank 
indirect fire follows three cardinal jirinciplos: 

«. Bring the burst to the gun-target line. 

h. Inclose the target in a range bracket. 

c. Split the bracket successively until tlic target has been hit or effect 
obtained. 
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175. Sensings, Indirect Fire 

The obsei-ver nicntallj^ senses each burst for iiiiigc and deviation. In- 
direct file sensings arc the same as those for direct fire (par. 100-102). 
When more than one gmi is fired, tlie sensing is made from Uic center of 
tlie volley. Sensings are normally not announcd, but arc used as an aid 
in making subsequent corrections. Tlic following range and deviation 
sensings arc used for indirect fire. 



176. Subsequent Corrections, Indirect Fire 

A subsequent correction is any necessary correction to the fire once 
an adjustment has started. Corrections are made in the followi ig 
sequence: deviation, range. 

a. Deviation Correction. Deviation corrections are made to bring the 
hurst to the gun-target, line. When the obscrvci- is on or near the gun- 
target line, lie measures the deviation in niiis from burst to adjusting 
point. Mil deviation is converted to yards by use of tlic mil relation 
(W = R X Vt^) in the same manner us in making a direction correction 
in the initial fire request. The R factor is the observer-target range 
expressed to the nearest 1,000 yards. Deviation correction.^ are an- 
nounced to tlie nearest 10 yards. For example, with an observer-target 
range of 3,300 yards, the observer makes a deviation sensing in mils of 
33 RIGHT. He multiples 33 mils by the R factor of 3; the deviation 
is 99 yards. This is announced as LEFT 100. When the observer is not 
near the gun-target line, he estimates the deviation correction in yards. 
A deviation correction of less than 20 yards is usually omitted from tlie 
subsequent correction. 

6. Range Correction. Range corrections are made in liundreds of 
yards until the requiitjd correction is less than 100 yards. After the first 
positive range sensing, a range change is made by the observer an- 
nouncing AIDD (DROP) (so much), the amount of the range change 
being that required to iiit the target or establish a bracket. Once estab- 
lished, the i)racket is split until the target is inclosed in a 100-yard 
bi-acket. Under cert.ain conditions it may be advisable to split tlio 
ijracket proportionately, rather than in half. For example, after sending 
ADD 400, the observer notes tiiat the next round is much closer to the 
target than the previous volley. In this ease, lie may send DROP 100 
rather than DROP 200. A range correction is ror|uired for each subse- 
quent correction. Wiien a range change is not necessary, the observer 
announces REPEAT RANGE. 




Deviation usnungt 



OVER. 
SHORT, 



(Mils) RIGHT, (mils) LEFT, LINE. 
(Mils) RIGHT, (mils) LEFT, LINE. 
(Mils) RIGHT, (mils) LEFf. 



DOUBTFUL. 
LOST. 



162 



TAGO I012S-B, Mny 



177. Type of Control 

Type of control is announced after tlic subsequent eorrcetion wlien a 
cliiinge is nocussiiiy. A diangu in control is announced after the range 
correction. 

(1. Fire for Effect. Fire for ull'ect is coimnenced at the center of a 
100-yard bracket, or whenever the observer senses TARGET. This is 
announced as ADD (DROP) 50, FIRE FOR EFFECT, or REPEAT 
RANGE, FIRE FOR EFFECT. 

b. Adilitionnl Fire. When the target requires additional fire, the oli- 
servcr announces I{EPEAT I^ANGE, REPEAT FWIE FOR EFFECT. 

c. Shifting Fire for Effect. To obtain effect on large area targets or 
targets which have moved, the observer may shift the fire; for example, 
RIGHT 50, ADD 50, REPEAT FIRE FOR EFFECT. 

178. Subsequent Fire Commands, Indirect Fire 

a. Subsequent fire commands arc issued to control firing after the 
initial fire conmiand has been given. The fire control officer issues a 
subsequent counnand to change an element in the initial command, to 
cease fire, or to apply the observer's corrections during an adjustment. 
During an adjustment, the normal sequence of the command is deflec- 
tion, range, command to fire. Wlicn deflection is unchanged, this clement 
is omitted; however, range is repeated for each connnand, regardless of 
change. (The loader loads on tliis element.) Other elements of the 
initial fire connnand remain in effect, but arc not repeated unless a 
change is to be made. In the following example, all tanks follow tlic 
conmiands; only the base tank fires; 



QU.\DRANT 69 
DEFLECTION 2^32 RIGHT 
TROOPS 
FIRE. 

b. Changes in tanks to fire, type of fire, number of rounds, and tyi)e 
ammunition are aimounced prior to tlic deflection (range) element. To 
fire for effect, or to make other changes in the initial command, the fire 
control officer announces the necessary elements in a subsequent fire 
connnand; for example: Base tank has completed adjustment — 

To fire two Ba.se tank Change of fuze To fire 

platoon volleys to fire three and tank to platoon salvo 

in effect: volleys: fire: with smoke: 



Initial fire command 

PLATOON ADJUST 
NUMBER 3 

1 HOUND HE 



Subscquiittt corrtxt\ 

RiailT 50 
ADD 200. 



'ton 




DBFL15CTI0N 2,822 RIGHT 

QUADRANT 74 

FIRE. 



PI/ATOON 



3 ROUNDS NUMBER 4 



PLATOON LEFT 
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2 ROUNDS QUAD- 3 ROUNDS HE 1 ROUND SMOKE 

RANT 71 DELAY 
QUADRANT 71 FIRE. DEFLECTION QUADRANT 71 

2,815 RIGHT 

FIRE. FJRE. 

QUADRANT 71 
FIRE. 

179. Report by Observer 

Upon completion of the mission, tlic observer announces END OF 
MISSION, and states the results. The fire conirol officer also announces 

END OF MISSION as tlic conunand for all tanks to return to zero 
deflection. Tuljcs are elevated for safety jnirposcs. CI.'l.A.SE FIRE is tlie 
connnand to suspend firing pending further information; at this com- 
mand, all tanks rcnmin at the last iinnounccd deflection and quadrant 
elevation until a new conunand is issued. 

1 80. Illustrative Example of Indirect Fire Mission 

Figure 97 is an illustrative exam]>ic of a fire mission by a tank 
platoon. 



RESULTS 



FItte DEOUESTS 
OS COMAAANDS: 



Obi«/v*r ta FCOi 

THIS li ZUlU I 
FIRE MISSION 

coohdinates tt7\n 

INFANTRY HATOON IN OPEN 
Will ADJUSr 

FCO M ronkst 

PtAKXM ADJUST— NUMBEH ] 
I ROUND HE 
aUADDANT tl 

DEFIECIIOM 291D (JCHT 

tllOOPS 

FIRE 



ADJUSTING 
POINT 



9 4 I t I 



-1 1 



(Or DISTANCE— 3000 IDS) 
(GT RANGE— 40e0 TDS) 



Figure 97. Indirect fire mission by Lank platoon. 
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Fat tEQUESn 
0* COMMANDS: 



HI sum 



SCNSINC 



ObMiVOT 10 KOl 



HIGHT 10 
ADO 700 




FIRE KEQUESrS 
0> COMMANDS! 



OblAiwar ID FCO: 



UFT 30 
PKOO IU> 



FCO le Tenks) 



Bongr Peviqtie 



DEfLfCTION 1911 IKSHl 

OUAOflAHT 63 

FIRF 



Figure 37 — Coutiiiued. 
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REIULTS 

FIDE MOUESTS 

OH COAUMNDS: lENSWe 



ObMrver le KOi 










ADD 50 

FIRE FOR EFFECT 










PLATOON 

2 ROUNDS 
QUAMANT 64 
FIRE 
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MUGtT 




MOTE) Oktmnm moy (*p*ot or tt^b RtE 
FOR EFFECT e. F..c«uiry. 

liivd. obiarvw M«dt EWD OF MIS- 
SION, and tiptmt rMvlM. 
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Figure <?7— Continued. 



Section VL INDIRECT FIRE OF TANK PLATOON IN 
CONJUNCTION WITH ARTILLERY 

18T. General 

a. When a decision is made to eiii]3loy tanks in an indirect fire role, 
tlicj'' may be employed in conjunction with artillery units. Tank platoons 
assigned such a mission remain under the command of their parent unit; 
however, their fire is directed and adjusted by artillery personnel. 

b. When tank units are employed in conjunction with artillery, there 
are certain differences in procedures and techniques than when tanks 
are operating independently. These differences are resolved on the 
ground by the armor and artillery commanders. The major items for 
consideration are — 

(1) Designation of general position areas. 

(2) Air and ground observation. 

(3) Necessary survej'. 

(4) Assignment of fire missions and preparation of firing data. 

(5) Necessary communications to link tank unit with artillery fire 
direction center. 

(6) Necessary training. 
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3200 



DIRECTION 
OF FIRE 



/ 



DIRECTION 
OF 0-3200 
LINE 

I ^ ORIENTING ANGLE 

/ 

/ 

/ 

/ 

0 

Figure 9S. Laying tanks jroin orienting angle. 




182. Laying Tank Guns From Orienting Angle 

a. An orienting line is a line of known direction established on the 
ground in the position area, used as a reference line when laying guns 

for direction (fig. 98). 

b. When tanks are employed in conjunction with artillery, the artillery 
unit is responsible for survey so that the tank unit can be tied in on the 
fire direction center charts. Survey personnel vvill establish the orient- 
ing line and tlie orienting station in the position area designated for the 
tank unit. Survey personnel will designate to the tank unit commander 
or his representative the location of the orienting station and stakes or 
points which mark the orienting line. Tlic orienting angle will be fur- 
nished to the fire control officer by the survey party or the fire direc- 
tion center. An orienting angle is a horizontal clockwise angle from the 
direction of fire to the orienting line. The following steps govern laying 
tanks parallel by orienting angle: 

(1) Set up the aiming circle with the 0-3,200 line in the approxi- 
mate direction of fire over the orienting station or other point 
on the orienting line where it can bo seen from all tanks. 
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(2) The aiming circle operator sets tlie announced orienting angle 
on the azimuth and tnicronictcr scales, using the upper motion. 

(3) Using the lower motion, he sights along the orienting line. 
This places the 0-3,200 line in the direction of fire. 

(4) The procedure outlined for laying tanks parallel on a given 
grid azimuth (par. .59) will govern laying tanks parallel in the 
direction of fire. 

183. Referred Deflection 

Referred deflection is the deflection indexed on the azinuith indicator 
after the tank has been laid for direction or registered on a base point. 
This referred deflection will be established as 2,800 or 2,600 by the FDC. 
This is standard artillery procedure and eliminates the necessity for 
announcing defiection as (so much) RIGHT (LEFT). Thus, witli a 
referred deflection of 2,800, a shift of 60 mils to the right is announced 
as DEFLECTION 2,740; a shift of 33 left is announced as DEFLEC- 
TION 2,833. 

184. Conduct of Fire 

Tlie artillery fire direction center receives, from an observer, neces- 
sary corrections to adjust fire on a target. The FDC then issues neces- 
sary data to the fire control officer of the tank unit, who converts this . 
tlata into an initial fire command, or subsequent fire command, to the 
tanks. 

185 Data From Fire Direction Center 

Data from the fire direction center will contain all the information 
necessary for the fire control officer to direct the fire of his unit on the 
target or in the target area. This data will not bo in the seriucnce in 
whicii it will bo announced to the tanks. Data that will bo received 
from the FDC is :is follows: 

a. Pieces to Follow Commands. This is the alert element, which sig- 
nifies to the firing unit that a mission is pending and that all ginis will 
follow all commands. 

b. Projectile. This is the ammunition element, which dictates the type 
of aninmnition to be employed in a particular mission; for example, 
HE (SMOKE). 

c. Fuze. This clement dictates the type fuze action to be employed 
in a particular mission (SUPERQUICK, DELAY, CONCRETE). If 
sui>crquick fuze is desired, the fuze element is omitted. 

d. Pieces to Fire. The command to fire ull i)iecos is PLATOON (so 
many) ROUNDS. The command to fire a pair of tanks is RIGHT 
(LEFT), indicating the right (left) pair of tanks to fire. The command 
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to fire the center tank is CENTER. To fire any other single gun the 
coinmiind will be NUMBER (which gun). 

e. Method of Fire. Tlierc arc two iiiutliocls of fire which can be em- 
ployed — Siih'o and volley, 

(1) Salvo fire. The command for a salvo (tanks firing with a time 
interval between guns) is RIGHT (LEFT), which indicates the 
flunk from wliiuh piece? are to be fired successively. 

(2) Volley fire. A volley may be fired by one or more tanks. The 
comni:uui for volley fire is (so many) ROUNDS. 

/. Direction. To make a change in direction, a new deflection is 
commanded. 

g. Quadrant lUlevation. The conmiand is QUADRANT (so much). 
Quadrant ele\ ation is determined by combining elevation for range and 
angle of site. 

186. Converting Fire-Direction Center Data to Fire Commands 

a. The initial fire conmiand to fire tanks in conjunction with artillery 
is the same as any tank indirect fire command. The fire control officer 
will receive necessary data from the FDC and must convert it to an 
initial fire command for the tanks; for example: 

From FDC Cmamand to lankt 

BATTBRY ADJUST PJ.ATOON ADJUST, XUMHIiR 3 

HE 1 HOUND 1115 

QUADRANT 130 
DF.l'LECTlON 2,7'10 

Cl^NTER 1 HOUND (TARGET DliSCRII'TION) 

DEFLECTION 2,740 FIRE. 

QUADRANT 130. 

b. The above fire conmiands arc those for an adjustment type mission. 
Should an adjustment not be nccessaiy, the firo of the entire unit may 
be massed on a target by the following connnands: 

From FDC Command to tattks 

BATTERY ADJUST PLATOON 

HE 3 ROUNDS HE 

QUADRANT 146 
DEFLECTION 2.760 

BATTERY 3 ROUNDS (TARGET DESCRH'TION) 

DEFLECTION 2,760 FIRE. 

QUADRANT 146. 

c. An artillery FDC does not normally announce a target description 
to the guns. It will be necessary for the fire control officer to request, 
in advance, that this element be included. The command to fire is also 
not given l»y the FDC unless the observer wislies to control the time of 
firing. In such cases, the FDC announces AT MY COMMAND, and 
at the appropriate time, FIRE. 
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d. Subsequent fire commands arc issued to the tanks in tlic same 
sequence as any other subsequent command for tanks: dejiection, range, 
command to fire. Exatn|)le: 

From FDC Command to tanf!s 

DEFLECTION 2,769 DEFLECTION 2,769 

QUADRANT 139 
QUADRANT 139. FIRE. 

e. The deflection element may be omitted in the subsequent command 
when there is no change from the previous command; however, the range 
clement is announced regardless of change. Other elements of the initial 
command are announced only wlien changed by FDC. In the following 
example, the platoon is to fire for effect after adjusting witli the base 
tank: 

From FDC Command to tankt 

BATTERY 2 ROUNDS PLATOON 

2 ROUNDS 

QUADRANT 136 
QUADRANT 136. FIRE. 

187. Prearranged Data Sheets 

When the situation does not allow continuous or direct coordination 
and couununication between the tank and artillery units, tiie artillery 
commander may assist the tank unit employed for indirect fire by the 
preparation of prearranged data siieets. These data sliects contain the 
necessary firing data to engage |)lotted targets. At specified times, the 
tank unit fires these prearranged missions, usmg the data furnished by 
the artillery. This fire may or may not be observed. 



Section Vil. SINGLE TANK IN DEFILADE 

188. General 

Tiic tactical situation may sometimes require hasty indirect fire when 
the tank unit is employed in its i)rimary offensive role. Under such condi- 
tions, a single tank may be cmi^loyed from a turret defilade ]3osition 
against a ijoint target whicli cannot be engaged by direct fire, Tlie tank 
commander positions the tank, directs tlic gunner to detennine minimum 
elevation, and then moves to an OP where he can observe the target and 
communicate witli the tank. The tank commander should position 
Iiimself on or near the gun-target line as close to the tank as possible. 

189. Laying for Range 

The tank commamier determines range and angle of site by map or 

estimation. Range is announced in the initial fire command as a quad- 
rant elevation or in j'ards plus or minus the angle of site; for example, 
QUADRANT 54 or 3,200 UP (DOWN) 5. 
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190. Laying for Direction 

The tank may be laid on the target by any of tiic following methods: 

a. Terrain permitting, the tank commander places himself on line 
between tank and target, commanding LAY ON ME. If the tank com- 
mander is behind the tank, he commands LAY ON ME, BIGHT 
(LEFT) 3,200. For safety purposes tiie loader docs not load imtil the 

coinniand to fire is given. 

6. When the tank commander is not sufficiently close to the tank to 
employ the above method, he may command a shift in mils from a 
reference point. Since he is not positioned near the tank, his measured 
deviation from reference point to target is not the same as the deflection 
shift for the tank. Tlie shift is determined by multiplying the measured 
deviation by tiie r/R factor (fig. 99). Wiien applying the mil relation 
in tliis manner, r is observer-target distance in thousands of yards; 
R is gim-targct range in thousands of yards. 

c. Once a target ims been successfully engaged, the gunner records 
the data on a range card. Each target engaged thus becomes an addi- 
tional reference point. 

191. Adjusting Fire, Single Tank in Defilade 

Fire is adjusted in the same manner as in the alternate method for 
direct fire (par. 105) except that range changes are made to hit or 
bracket tiie target. The standard range change does not apply. When 
the tank commander is close to the tank, the deflection change is the 
measured deviation; when the difference in gun-target range and ob- 
server-target <listance is more than 300 yards the r/R factor may be 
used. Range is announced in yards, deflection in mils. The gunner uses 
the azimuth indicator for deflection changes and the elevation quadrant 
for range changes. Since the C of 1 does not hold true at ranges of 3,000 
yards and greater, the gunner should read the proper quadrant elevation 
from a firing table, computer, or ballistic unit. Tiie following is an 
example of an adjustment on a point target by a single tank in defilade; 

Initiat fire command Sejisinge and subsequent commands 

GUNNER 1st Round Sd Round Sd Round (th Rnmd 6th Round 

HE SHORT OVER SHORT TARGET TARGET 

3.000 UP 3 LEFT 10 DROP 100 ADD 50 FIRE. CEASE FIRE. 

FROM REFERENCE ADD 200 FIRE. FIRE. 

POINT, RIGHT 30 FIRE. 

ANTITANK 

FIRE. 
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DEFLECTION CHANGE ^ — X DEVIATION 
R 



DEFL = % X 20 = 15h( 

Figure 69. Converling measured deviation to deflection change. 
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PART FIVE 
TRAINING AND TESTING 

CHAPTER 9 
INTRODUCTION 



192. General 

a. Every shot fii-ed in range firing piiicticc is of potential instruc- 
tionai value in producing well-trained tank crews. There are certain 
principles of learning, basic techniques, and standanl methods whicli 
coniinunders should adliere to in order to efficiently acconijilish the 
tniining mission. Training must ho closely supervised and realistic, and 
must iiave as its ohjeetivc tlie development of higidy trained tank crew- 
men. To insure high standards of proficiency, certain tests and exercises 
arc conducted to measure the ability of tank crewmen to api)ly and use 
the skills whicii iiave l>cen taught during tlie training cycle. 

b. Training in tank gunnery is directed toward producing well-trained 
tank crewmen capable of delivering accurate fire in order to destroy 
enemy armor, nuiteriel, and personnel in combat. The tank crew must 
be able to function as a team; crew cfKcicnc}' depends upon the skill and 
coordination of all its members. Each member of a crew should be 
trained in the duties of the other members, with the emphasis on gunner 
and tank connnander duties, so that in the event one memlier of the 
crew becomes a casualty, the tank will still be effective. 

c. Part five of tliis manual is designed to emphasize the importance 
of well-trained crews. The attainment of fire superiority depends directly 
on the ability of tlie men and how they use the tank weapons. 

193. Sequence of Gunnery Training 

a. To develop the qualities desired in efficient tank crews, training 
must be progressive with no distinct boundary between phases of instruc- 
tion and drill. Rather, crewmen receive training in specific individual 
duties which are cuhuinated in crew exercises. Continuous training is 
emphasized in all iihascs to perfect skills and techniques. Wiicre weak- 
nesses appear, the exercises are repeated. Safety precautions are stressed 
throughout gunnery training. 
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b. Gunnery skills :ind crew proficiency are developed thiougli instruc- 
tion and practice in the following: 

(1) Machine giiiis. Macliitie gun iiioolianical trainin;^, to include 
assenihly, disassembly, funcUoning, iiiai functions, innnediate 
action, lieadspace, timing, and installation in various iypn 
mounts. 

(2) Tank tirinunient, controla, and equipment. Funiiliarizatioii 
witli tank turrets, gun and tun-cfc controls, vision devices, fire- 
control cquijnnent; sight adjustment and boresigliting; pre- 
ventive maintenance services. 

(3) Tank, ammanition. Identificatiun; characteristics, capabilities, 
and use; liandling and stowage. 

(4) Main gun. Characteiistics, nomenclature, disasscniljly, assem- 
bly, functioning, and malfunctions; care, cleaning, and lubri- 
cation; servicing recoil system. 

(5) Range determination. The mil relation, use of the binocular, 
range estimation by eye, intersection, and practical work on 
range determination sites. 

(6) Range finder. Characteristics, nomenclature, use, ojjeration, 
inspection, maintenance, adjustment, ranging practice, com- 
puting internal correction system (ICS) settings, and testing 
proficiency. 

(7) Conduct of fire. Classroom instruction on the initial fire com- 
mand, firing duties, sensings, primary method of adjustment, 
alternate metliod of adjustment, firing main gun at stationary 
and moving targets, firing tank-mounted machine guns, use of 
battlesiglit, ricliochet fire, platoon fire commands; ])ractical 
application on trainers or tanks; preliminary sul)calibcr firing; 
examination. 

(8) Crew drill and service of the piece. Crew composition and 
control, organization and duties of the tank crew, crew firing 
duties, i)rei)are-to-fire checks, boresighting and zeroing; safety 
precautions; use of signal flags; handling, stowing, and loading 
of ammunition for all guns; crew dismounted drill, mounting 
and dismounting the tank crew, closing and opening hatches, 
pep drill; unloading an unfircd round or a misfire, removal of 
a stuck round, removal of a projectile, procedure to clear and 
secure guns; evacuation of wounded from a tank; destruction 
of equipment. 

(9) Gun drill. Conducted in the form of nonfiring exercises or 
"dry-run" problems, witli the crew working togctiicr in all 
phases of target acquisition, conduct of fire, and crew drill. 

(10) Subcaliber {coaxial machine gun) firing. Preliminary training 
in zeroing the coaxial machine gun, correct sight j)icture and 
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accurate laying exercise, burst-on-targct exercise,, alternate 
method of adjustment; firing of subcaliber tallies of the tank 
gunnery qualification course. 

(11) Service firing. Zeroing main gun. firing iit .stiitionary and 
moving tsirgcts, adjustment of lire by burst-on-target and 
alternato method, firing from a I'uiigc card, firing at iiiglit with 
and without illumination. 

(12) Firing taiik machine guns. Direct fire at stationarj' and mov- 
ing targets from a stationary tank using the coaxial machine 
gvm; firing from a moving tank with coaxial and how machine 
guns; firing of turret-mounted caliber .50 machine gun at 
ground and aerial targets. 

(13) Practice and record firing, tank gunnery qualification courses. 
Firing of subcaliber and scn'ico tables once for practice and 
once for record. 

(14) Crew and small unit firing exercises. Firing at ground targets 
from a moving tank employing machine guns; tank crew pro- 
ficiency exercise employing all tank weapons at various type 
targets; live-firing tank-infantry exercises. 

(15) Combat firing. Normally fired to provide practice for units 
prior to actual combat oiierutions; exercises .should provide 
practice in all types of firing with all types of anununition, 
under simulated battle conditions; various tj^pc moving, sur- 
prise, and camouflaged targets arc used under both day and 
night conditions to provide realistic training. Organiziition of 
this ty])c of firing is the responsibility of the unit commander. 
Because of variations in range facilities, target availability, 
mission of the unit, and other factors, no definite course or 
exercise can be outlined. The objective is to produce highly 
trained tank crews capable of hitting all types of targets under 
conditions which resemble tliosc of actual combat. 

c. In order to evaluate and obtain first-hand knowledge of training 
progress, commanders must have some means by which they can deter- 
mine the relative jiroficiency and qualification of tlie tank crews. 
Although individuals or crews may have completed a training program, 
it cannot be assumed that they have attained the desired proficiency. 
No i)hase of training can be considered complete until personnel have 
jjeen tested, 

194. Methods of Testing Gunnery Training 

a. Examination by Observation. Many aspects of gunnery training 
can be measured only by actual observation of the training or firing. 
For eN:aini3lc, a tank commander who is able to write a correct fire com- 
mand may not lie able to give the connnand quickly and accurately dur- 
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iiig a li\"e-fiiing exercise. It is not enougli to ''look over" n pliase of 
training where individuals are working; definite objectives must be 

soiiglit. A checklist (if important points slioiild be followed to dctcnuine 
wlictlier fundamentals ai'c being tauglit and learned. 

b. Oral Examination. This is a conwuoii form of testing and is nor- 
mally used as an on-tiie-spot check of tndning. It can bo used to test 
the effectiveness of tlie instructor and to determine wlietlier the soldier 
understands the material being i)rosented. Each oral question should 
have a specific purpose and eni]>liasizc one point. 

c. Written Exdminaiion. This tyjie of test or examination indirectly 
measures an individual's ability to apply gunnery skills. However, such 
tests are used to rapidly detcrniine the knowledge gained ovci- a wide 
area of subject matter. 

d. Performance Type Test. Proficiency in tank gunnery training can 
best be determined by the performance type test. Tiiis type of test can 
be conducted on iiumcj'oiis phases of gunnery training Uy having tlie 
individual do what he has been tavght. Cliaractcristics of performance 
type tests include such factors as correct i)rocedure, satisfactory results, 
and performance within a reasonable time limit. The gunner's pre- 
limimry examination is an example of a pcrforniance-tyjic test. The 
tank gunnery qitalification covrse is a performance test where the score 
detcrniines relative jiroficiency of individuals. Additionally, the tank 
crew proficiency course tests and determines tlie overall efficiency of the 
crew. When any shortcomings are revealed liy individual or crew tests, 
they must be promptly corrected by additional instruction and tests. 
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CHAPTER 10 
NONFIRING EXERCISES 



Section I. INTRODUCTION 

195. General 

Noiifiring exercises are ctosigiied to ptcpare ttiiik crewmen for fii-ing 
exercises. They sire directeci toward developing firing skills of tlie gunner 
and tank commander, us well as the teamwork of tlie entire crew. A 
thorough understanding of t!ie operation and functioning of tlie tank 
turret and weapons is the first step in gunnery training. This is followed 
by classroom presentation and familiarization with crew duties and 
cond«ct-of-firc procedure for engaging targets. 

196. Applicatory Nonflring Exercises 

Before any range firing can be attcnijited, api)li(;atory nonfiling exer- 
cises arc essential. Such exercises include individual training, crew train- 
ing, range determination, range finder training, and target accjuisition. 



Section 11. INDIVIDUAL TRAINING OF THE TANK GUN CREW 

197. General 

Success in battle depends upon close coordination witiiin the tank 

crew. Conduct of fire depends pi'iniariU" upon the skill and coordination 
of tlic loader, gunner, and tank couniumder, who make up the tank gun 
crew. Tlie training of these three members is integrated after individual 
training. However,, in all training, each crcwnuin should master his 
individual duties before the crew works together as a team. 

198. Training in Use of Direct-Fire Sights 

One of the first steps in gunnery training is instruction in the use of 
the direct-fire siglits. Use of the sights must be rapid and accurate when 
laying on a target and making adjustments. Each individual must know 
the use of the gun-laying reticle, ahning cross, lead lines, range lines, 
and mi! measurements. Initial training is conducted in the classroom 
by the use of charts or slides. This instruction is followed with practical 
work on a trainer or tank. 
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a. Correct Sight Picture. Tlio coiiduct-of-fire trainer (fig. 100) is an 
excellent training aid to teach crewmen the correct sight picture for 
direct laying and how to make range and deflection clianges. set off lead, 
change the amount of lead, and make adjustments when using the pri- 
maty or secondarj' sights. Another typo of training device which may 
be easily constructed and used for this purpose is a target board and 
reticle (fig. 101). 

b. Conduct-of-Fire Trainer. The conduct-of-firo trainer is used to 
apply direct-fire techniques and to introduce individual crew firing 
duties. Each crew member executes his assigned duties. Firing prob- 
lems arc conducted as follows: 

(!) Tank commander issues appropriate initial fire command and 
lays on target. 

(2) On hearing ammunition clement, loader simulates loading and 

announces UP. 

(3) Gunner simulates performing the duties required by the anmiu- 
nition and range elements of the command. 

(4) On identifying target, gunner aimouuccs IDENTIFIED and 
takes over gun controls. 
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(5) Gunner takes coiTCct sight picture and announces ON THE 
WAY. 

(6) Instructor flashes light to siniuUite burst oi- tracer. 

(7) Gunner applies burst-oii-targct and again announces ON THE 
WAY. 

(8) Prol>icni continues until tai-gct is hit. 

(9) Tank commander announces TARGEl"', CEASE FIRE. 

(10) Instructor critiques jirol^iem. 

Noli; to instrnclor: I'litcir the light so tliat it is off target bvit witliin 
sight reticle. Insure that reticle can be triiversecl 

to target before commoncinj? problem. If gunner 
fiiils to olwcrve burst or fails to hit tiirgot within 
tliroe rounds, require t.ank commander to an- 
ncmncc staising ami issue subsequent fire com- 
manii. 

c. Target Board and Reticle. 

(1) Silhouette targets, such as tanks and antitank guns, arc drawn 
or pasted on a target board representing terrain. A clear piece 
of acetate is cut and ]>iaccd in a circular frame. A gun-Ui,ying 
reticle is painted on the acetate to represent the gunner's sight 
reticle and field of view. 

(2) The <!rcwman places the reticle on the target in the proper posi- 
tion to represent initial laying, re-laying, applying burst-on- 
targct, and making deflection and range changes. Following 
individual instruction, simulated crew firing exercises may be 
conducted. 

d. Training on Tank. Furtiicr practical application of sight adjust- 
ment and direct laying is performed on a tank. The guimcr simulates 
firing and adjusting on various targets. The instructor or tank com- 
mander supervises the gunner by observing through his direct-fire sight, 
which has been boresighted on the same target as the gunner's. Initiallj', 
accuracy is stressed. Speed is developed as training progresses. 

199. Manipulation Exercises 

Anj' exercise wliich gives the gunner practice in traversing and ele- 
vating the gun is called manipulation. These exercifics must be practiced 

by the gunner throughout his gunnery training. 

a. The smkebourd (fig. 102) is an effective aid to manipulation train- 
ing. Lines, a|)proxiniateIy 2 inches wide, arc drawn on target cloth 

mounted between two standards or on the side of a building. The giumer 
tracks along the lines as accurately and rapidly as possible. 

6. The next phase of manipulation training i-equires the gunner to 
rapidly lay on a series of stationaiy targets. Tliis is a "diy nm" of the 
manipulation tabic of the tank gunnery qualification course. 
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200. Tracking and Leading Exercises 

a. Towed Card Exercise (fig. 103). A wire line is stretched between 
two supports at different heights. A card is suspended from the line by 
circular wire clips. The card is pulled along the line by a cord attached 

to the card. The gunner tracks the card during its movement. The speed 
of the moving card is alternately increased and decreased during its run. 

b. Combat Tracking. Before firing at a moving target, the gunner 
performs dry-run tracking. A vehicle, or the moving target on a sub- 
calibcr or service range, may be used for this purpose. When a vehicle 
is used as a moving target, the speed and direction of the target should 
be varied. The gunner initially tracks with one lead. This lead is 
obtained by traversing through and ahead of the center of mass. The 
gunner simulates firing and adjusting by changing the range and lead 
as directed by the tank commander, who observes through his direct-fire 
sights. The gunner tracks with a smooth continuous motion, maintaining 
a constant sight picture before, during, and after firing. He does not 
stop traversing while he sirnulates firing. Whenever the situation permits. 
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gunners should practice tracking in conjunction with other training. 
Tanks positioned near a road or highway may use tlic normal vehicular 
traffic as moving targets. 

201. Boresighting Exercise 

Boresighting a tank gun is the process of alining the axis of the sights 
with that of the gun to converge on a boresight point. The prescribed 
steps for boresighting a particular tank gun should be followed closely 
and the exercise repeated until the gunner is able t(» make precise 
adjustments. To clieck the gunner's accuracy, the instructor selects a 
well-defined target point. The gunner alines the gun-laying reticle and 
the cross hairs of the tube on the aiming point, locks the boresight knobs, 
and notes the readings on the scales. The instructor then traverses the 
gun off the target, and unlocks and rotates the knobs to disturb the 
reading. The gunner then reborcsights on the same target and readings 
are compared. 

202. Zeroing Exercise 

A dry-run exercise in zeroing will correct many of the errors which 
are common to gunners who have not luid sufficient training. The zeroing 
procedure can be simulated by placing a target at the zeroing range. 
Several shot groups are painted on the target (fig. 104). The gimner 
simulates firing a shot group, refers his aiming cross to the center of one 
of the shot groups, and re-lays on the aiming point. Each time the 
exercise is eomi)lcted, the gunner records the azimuth and elevation knob 
readings. To cheek the accuracy of the gunner, his results uro compared 
with previously determined zero readings on the same .^hot group. Any 
variations in the reading can be directly associated to the gunner's 
ability to make an accurate lay. 

203. Training in Use of Auxiliary Fire-Control Equipment 

n. Before a range card exercise is firod, the gunner should have prac- 
tice in obtaining data and in simulated firing from a range card. A setup 
similar to the subcnlibcr auxiliary fire-control table of the tank gunnery 
qualification course may be used. In testing the accuracy of the gunner, 
the tank commander verifies the azimuth indicator reading and uses 
the gunner's quadrant to check elevation. 

b. Other appropriate exercises in the use of auxiliary firo-control 
instimnents are: laying tanks parallel, determining mininunn elevation, 
determining angle of site, and inuking deflection and range change. 
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NON FIRING ZEROING EXERCISE 
TARGETS 

(SHOT GROUP— 3RDS) 







Figure 104- Zeroing targot. 



Section til. RANGE DETERMINATION TRAINING 
204. General 

Range determination training must be continuous, since skill in the 
estimation of range by cj'c can be attained only by constant practice. 
Initial training should be conducted utilizing range designation and 
range determination sites. As the individual acquires facility in the esti- 
mation of ranges on these sites, training should be conducted con- 
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cvirreiitly with otlier field training. Regardless of tlic training tcclmiqties 
employed, normal terrain, including natural objects, should be used. 
As individual al)ility increases, more difficult objects such as camouflaged 
positions arc introduced. 

205. Range Designation Site 

The range designation site (fig, 105) is employed in the initial stage 
of range detcniiiiiation training to assist the individual in acquiring tlic 
"mental yardstick" necessary to estimate ranges by eye. The site should, 
if possible, allow the placement of targets to a range of 3,500 yards. 
Signs marked 1, 2, 3, 4, and 8 are placed at ranges of 100, 200, 300, 400, 
and 800 yards from an ol)scr\-ation point (800 yards is selected since it is 
normal battlesiglit range). Tanks, tank silhouettes to scale, or panels of 
apjjroiJriate size arc placed at oOO-)'ard intervals from 500 to 3,500 yards. 
Finally, the distances to pi-ominent terrain features at greater ranges arc 
dctei'iiiined. From the observation ]3oiiit, the crewman studies all of the 
marked ranges to get a mental jjictiire of them. lie then studies the tank 
silhouettes farther away, noting how the size tends to decrease as the 
range increases and the relationshijj between sizes at specific ranges. If 
suitable additional terrain exists at the I'angc designation site, practical 
work may be given the individual by having him estimate ranges to 
targets in a difTcrcnt direction. While estimating, he refers to the hiid- 
out site. Innnediatcly after tlie range to a target has been estimated, 
the instructor announces the correct range. 

206. Range Determination Site 

a. After tlic individual has become accustomed to the measurement of 
range by use of the mental yardstick, his training slwuld progress to the 
determination of ranges on a range determination site. On this site the 
student employs all techniques of range determination. This site may 
be established on any terrain having adequate fields of fire. The follow- 
ing steps; arc necessary to prepare the site for use: 

(1) Accurate ranges arc determined to prominent objects and ter- 
rain features. 

(2) The height or width of each object and terrain feature is meas- 
ured in feet or yards. 

(3) The mil hciglit or width of each object is determined by means 
of an aiming circle or other accurate method. 

(4) If several sunilar objects exist in the target area, the azimuth 
to eacli target is measured as an aid to the instructor. 
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b. A suggested method of employing the range estimation site is as 
follows: 

(1) Point out targets one at a time, giving students time to esti- 
mate and record ranges. 

(2) Have students make proper diopter and interpupillary settings 
on binoculars. 

(3) Have all students measure tlie mil width or height of tiie same 
target by use of tlie binocular; wiicn they finish, give them the 
width or height of the target in feet or yards. 

(4) Announce the correct range for each target after estimation and 
mil relation comiJututions liave been made. 

(5) Have students, working in groups, determine the range to sev- 
eral targets using the intersection method. (Aiming circles for 
this problem should be prepositioned by the instructor.) 

207. Advanced Range Determination Training 

When individuals have attained reasonable proficiency in determining 
range on the range determination site, camouflaged targets should be 
added and ranges thereto estimated and computed. From tliis point on, 
training is concurrent witii field operations. Tank crewmen should 
utilize every existing opportunity to determine range; first estimating by 
eye, then checking their results against the known range obtained by 
other means. 



Section IV. RANGE FINDER TRAINING 

208. General 

All training in tank gunnery is directed toward the main objective of 
a fast first-round kill. Since range determination is the greatest potential 
cause of error, the range finder is the key to success in combat. In range 
finder training, the standard is correct range within five seconds. This 
standard is achieved by the simultaneous development of speed and 
accuracy through constant and continuous ranging practice. Training 
and testing methods for both stereo and coincidence-type range .finders 
are discussed in this section. 

209. Training Areas and Equipment 

a. Preliminary training in nomenclature, maintenance, adjustment, 
and operation is conducted' in classrooms and motor parks. Ranging 
practice requires a target-ranging area, accessible to tanks, with ranges 
up to 3,500 yards. Targets should be placed at known ranges from 800 
yards to the maximum \'isible range available. Panel targets arc desir- 
able for initial training; however, as proficiency increases, natural ter- 
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rain and field tnrgets should be used. Targets should be in all available 
tj'pes of locations, such as on foi ward slopes, pai'tijilly visible on reverse 
slopes, on tlie skyline, against contrasting background, and in botii tliick 
and sparse vegetation. Sonic tai^gets sliould be partially camouflaged. 

b. Training aids include graphic charts, training films, slide projcctoi-s, 
deptli perception trainers, stcreovision trainers, and plastic or wooden 
reticles. However, the best training aid is the range finder itself. 

210. Steps in Range Finder Training 

Range finder training sliould follow a logical sequence in order to inukc 
maximum use (»f training time. Because the bulk of training time is 
given to ranging practice, this instruction, in [larticular, should be 
closely supervised. The following steps in training are recommended: 

a. Meckaniail Training. Nomenclature, maintenance, and ojicration 
of the instrument and its components are taught as preliminary ti-aining. 

b. Adjustment. A step-by-step procedure is employed to teach adjust- 
ing the range finder and placing it into operation. 

c. Rangina Practice. Crewnien ])ractice ranging on targets at varying 
ranges and locations. Each reading is recorded on ranging sheets. This 
training continues until crewmen arc obtaining consistent, but not 
necessarily correct, rangings on all targets. 

(/. Determimtion of Internal Correction Sy-s-inm (ICS) Setting. Once 
the crewman is ranging consistently within a si)rcad of 200 yards, he is 
ready to detcruiino his setting for the internal correction system (ICS) 
of the instrument. Spread is tiie difference between the highest and the 
lowest readings, and is computed on a basis of 20 rangings. Tlic initial 
ICS setting is determined mechanically, and will allow the crewman to 
range more accurately. 

e. Ranging With ICS Setting. The crewman practices ranging on tar- 
gets with his initial setting .set into the instrument. Ho should now be 
ranging closer to the target and reducing his spread. 

/, Redeierniination of Setting. After the crewman has reduced Ids 
spread to a maxinuun of 100 yards, he determines his ICS setting more 
closeb'. Tliis is done by use of an ICS correction chart (fig, 106). He 
then makes additional practice rangings with the new setting. Accurate 
rangings slioidd now be obtained. 

ij. Testing. When the crewman has obtained accuracy, ho is tested. 
His results are checked by use (tf the graph shown in figure 107. 

21 1 . Range Finder Training Procedures and Techniques 

a. Once tank crewmen have a thorough knowledge of nomenclature 
and operation of tlie range finder, they are taugiit how to maintaiii the 
instrument. Crew maintenance is limited to changing light bulbs and 
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TABLE 

ICS CORRECTION FOR 1500 YARDS 



ICS UNITS 



(PLUS OR MINUS] 
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14 


23 



Figure 106. ICS correction chart. 



cleaning of the exterior, to include outside lens. All other maintenance 
is restricted to higher echelon. 

b. Since inability to use the range finder can usually be trace<I to 

improper adjustment, operators must master the stcp-l)y-stcp procedure 
of placing the instrument into operation. For stereo range finders, tlie 
interpupillary distance is one of the most critical adjustments. ^AHien a 
crowmaii cannot determine a sufficiently iiccui'site interpupillary adjust- 
ment from a binocular, the instructor may use the followhig expedient: 
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(1) He places himself underneath the range finder where he can 
observe the operator's eyes, 

(2) With filters off, lie will note two bciims of light from the eye- 
pieces shining on or near the o])era tor's eyes. 

(3) lie then instructs tlic operator io narrow or M'iden tiie inter- 
l)ni)illary distance witli the adjusting knob, until tlie beams arc 
centered in the operator's eyes. 

c. During the first apijlicution phase of stereo range finder training, 
crewmen must be checked individually to insure that they can see the 
ranging reticle mo\'e in depth. 

d. During early stages of training, men should not range for more than 
20 to 30 minutes per hour, nor longer than 10 to 15 minutes at any 
one time. Best results are obtained wlicn langing practice is conducted 
in 4-hour blocks. Crewmen work in pairs; tho second man reads and 
records the indicated range. Initially, tlie operator is allowed a maxi- 
mum of 30 seconds for one ranging; this time is gradually reduced until 
he is ranging accurately witliin five seconds. 

e. For initial ranging ])ractice, the internal correction system (ICS) 
knob is set at 25. When the operator is ranging consistently with a 
spread of 200 yards, his initial ICS setting sliould be determined, This 
setting will decrease the average ranging error, but will not nccessai'iiy 
give him true ranges at this early stage. To determine his initial setting, 
the operator is assigned a target at a known range as near 1,500 yards as 
possible. He then performs the following: 

(1) Indexes the known range on the range scale. 

(2) Rotates the ICS knob, causing the following: 

(a) Stereo range fouler. The ranging reticle is moved in depth 
until the lower bar appears at the same range as the target. 

(6) Coincidence range finder. Double target images are moved 
together until a single, sharp image is obtained. 

(3) Then records the ICS scale reading. 

(4) Repeats the procedure for at least ten readings. 

(5) Determines the a\'cragc reading, which is his initial ICS setting 
for that range finder. 

/. With the initial ICS setting indexed into the range finder, the crew- 
man makes additional practice rangings. He should now be ranging con- 
sistently closer to the target. Tho same range finder that was used to 
determine his setting should be used for subsc(]ucnt ranging. If a dif- 
ferent range finder is used, a new setting is determined; when this can- 
not be done immediately, tlie old setting is used temporarily, 

g. The operator continues to make rangings, gradually building up 
proficiency. When his si)read is 100 yards or less, he determines iiis 
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ICS setting more closely. If lie is consistent, the operator can dctci-niine 
liis setting more acturately by use of the ICS correction chart (fig. 106) 
than by moclinnicril means. Tliis i.s done in tlic following manner: 

(1) A representative block of 20 rnngiiigs made on a 1.500-yard 
target is obtained from a study of the crewman's ranging sheets. 

(2) Range bias (average error) for the 1,500-yard target is obtained 
by determining the difference between the a\'erage range read- 
ing and the known range. 

(3) If the operator's range was short of the target, he has a minus 
bias. Using the correction chart, he adds the corresponding 
number of ICS units to his setting. 

(4) For a plus bias (when his range is boj^ond the target), the 
operator subtracts ICS units from his setting. 

(5) Thus, a crewman with a bias of minus 50 for an M12 range 
finder wouki add 5 units to his setting; a crewman with a bias 
at phis 40 for an ]\'I13 range finder would subtract 6 units. 

Nolo. Corrections sire not compulGtl for coincidence and other stereo 
rnngf; finders, but can be iipplied on a trial-und-error basis. 

h. The corrected ICS setting is now checked by additional rangings 
at 1,500 yards. If necessary, this corrected setting is refined by making 
small corrections until the operator lias determined his setting for 
1,500 yarda as closely as possible. In the absence of charts, refinements 
of settings can be made nrechanically. 

i. The best range for determining ICS settings is 1,500 yards; however, 
the same setting does not hold true at all ranges. For example, if a crew- 
man has refined his setting to the point where he is making correct rang- 
ings at 1,500 yards, he should be overi'anging by about 50 yards on 
2,000-yard targets. Since it is not practical to cstalilish a setting for all 
ranges, a final ICS setting is established by subtracting 4 ICS units 
from the corrected setting. This revision will affect accuracy slightly at 
1 ,500 yards, liut will greatly improve it at 2,000 yards. Coincidence range 
finder operators do not make this correction. 

j. When a crewman has obtained his fmal ICS setting, he is ready for 
testing. The iuiml)er of rangings required to achieve tiiis degree of pro- 
ficiency varies with the ability of individuals. Some personnel will attain 
this status after a few hundred rangings; howc\'cr, the average man 
requires 600 to 900 rangings with a coincidence range finder and 1,200 to 
1,800 rangings with a stereo instrument before an accurate measure of 
his ability can be made. 

212. Testing Range Finder Operators 

The ideal testing site is one which is in a different location than the 
area for practice ranging; however, if this is not jiracticablc, new targets 
may be erected in the practice ranging area. A mhiinium of six iV^xlV^- 
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foot panels arc placed at varying ranges from 1,000 to 2,500 yards. Two 
of these targets will be at accurately measured ranges of 1,500 and 2,000 
yards. Using iiis final ICS setting, the o|3ciator makes 20 rangings on 
each of three targets, two of which will be the 1,500- and 2,000-yard 
panels. Each ranging commeisces from an indexed range of 800 yards 
in suoh a sequence that none of tlie rungings on any one target arc 
consecutive, livery effort i^ made to i)reveiit the operator from dis- 
covering the true range to the targets. All range scales on range finders 
or con)putci-s are covered or so positioned tliat the operator cannot rend 
them. The testing officer or recoi'dcr notes and records eacli reiiding, 
rcindcxing 800 yanls for the next ranging. At the conipletion of the test, 
the readings for all three targets ai'c tamed in to tlie unit commander. 
The tested crewman is not allowed to see his readings, init is informed 
of his spread, bins, and classification after computations are matlc. 
Operator proficiency is determined in the following niamiu)-: 

(1. The average range reading for each target is computed by adding 
all readings for tiiat target and dividing by 20. 

b. Range bias for each target is obtained by determining the difference 
between the average range reading and the known nmgc for that target. 

c. Range spread for each target is oljtaincd by sul)tracting the small- 
est reading from the largest. 

(/. The values obtained in ste])s b and c above for the 2,000-yard tar- 
get only arc applied to the graph shown in figm'c 107, in the following 
manner : 

(1) Mark a point along tiic horizontal axis corresponding to the 
bias. 

(2) Mark a point along the vertical axis corresponding to the 
spread. 

(3) The intersection point of a vertical line from the bias scale and 
a horizontal line from the spread scale is then plotted. 

e. If the intersection jioint falls within one of the tliree graph curves, 
the crewman is classified as expert, first class, or second class. If the point 
is outside the outer curve, the crewman is unqxialified. 

f. Bias and si>rca(l for the other targets cannot be accurately applied 
to the graph, but are computed as a check to determine if tiic operator is 
consistent at those ranges. 

213. Improving Proficiency in Ranging 

In addition to measuring proficiency, the testing graph is used to tell 
an individual how he may improve his ranging ability. 

a. Spread, \y\wn an operator has too much sjiroad, he is still making 
inconsistent rangings. The only way to develoji consistency, or reduce 
spread, is through more ranging practice. However, additional practice 
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is not a sure cure, as all crewinen eventually reach tlie point of their 
maxiiiiuin ability. Beyond this jioint, more ranging may not jiroducc 
improvement, but it will enable the operator to maintain the proficiency 
that he has gained. 

b. Bias. When an operator has excessive bias, but a good spread, liis 
lack of accuracy can be traced to an improper ICS setting or an "olT- 
day." To verify this, his rangiugs sliuuld be cheeked for at least two 
successive days. If he continues to range with the sanic error, his ICS 
setting can be corrected by the correction cliart. However, if he is short 
one daj' and over the next, no correction is made. 

214. Retesting Range Finder Operators 

All crewmen below the expert classification should be retested. Per- 
sonnel who achieved a good spread on their initial test may be rctostcd 
within a few daj's; tiiose who require additional practice to reduce spread 
should be retested at a later date. 



Section V. TRAINING IN TARGET ACQUISITION 

215. General 

Target acquisition is a primary responsibility of the tank commander. 
Many times location and identification of targets is not an easy task, 
because enemy weapons and tanks are often well concealed and camou- 
flaged. To assist the tank connnander and to insure tliat all possible tar- 
gets are quickly spotted, tlie other mcmbei-s of the crew are assigned 
sectors of responsibilitj' most visible to them. Infantrymen will fre- 
quently point out targets to tankers. Once a target has been spotted 
and recognized, action is initiated to engage it witli sjiecd and accuracy. 
Target acciuisition exercises can be of various types, the purpose being 
to give tank commanders and gimncrs practice in quickly locating and 
recognizing an enemy tank or weapon in position or when it fires. 
It is most beneficial wlien conducted under field tactical conditions. The 
area used for range finder practice could easily be adapted to this type 
of training. 

216. Course Layout for Target Acquisition Training 

Tank crews are positioned to observe an enemy area where variou.s 
types of targets are cmplaeed (fig. 108). These targets are tanks, anti- 
tank guns, reeoiliess rifles, machine guns, and infantry. The weapons are 
positioned so as to indicate fire from different angles and at ranges of 
from 800 to 3,600 yards. Targets arc camouflaged and placed in realistic 
tactical locations. Demolitions, simulators, and blank ammunition arc 
used to simulate enemy fire. As training progresses, moving and sur- 
prise targets are introduced. 
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Figure lOS. Target acquisition site. 



217. Conduct of Target Acquisition Exercise 

The members of the tank crew observe in assigned sectors. Tlie enemy 
"fires" at ^'alying intervals, and crows attempt to pinpoint the targets. 
As the "flash of the gun" is spotted, the tank commander issues an initial 
fire command. This fire command dictates the actions of the crew in a 
simulated firing exorcise. To measure crew proficiency in this exercise, 
tlic following factors arc consl<lerc(i: time elapsed before target is 
spotted, identification of target, ranging time, accuracy of lay, accuracy 
of detennincd range, and execution of crew firing duties. 
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CHAPTER 11 
FIRING EXERCISES 



Section I. INTRODUCTION 

218. General 

a. Tanks exist to shoot; and unless their tremendous firepower is 
brought to bear on the enemy, thcj' assume a less iuiportaut role. The 
tank is an effective figliting macliine only when tlie crew is capable of 
delivering fire with speed and accuracy. 

b. Firing (ixurciscs are designed to provide tlie tank crew with train- 
ing in the destruction of enemy armor, troops, and equipment. Those 
exercises arc the cuhiiination of gunnery training and are the most 
rcahstic type of training sliort of actual combat. Range firing exercises 
afford opportunities io apjjly by individual and collective efforts sub- 
ject matter which was previously learned in the form of theoretical and 
nonfiring exercises. Participation in firing exercises also improves 
individual and crew skills. 

219. Firing Skills 

Individual and crew firing skills are developed hy actual firing of 
subcaliber and service exercises in a logical sequence. These include — 

a. Preliminary Subcaliber Exercises. These exercises are not scored 
or fired in any time limit but arc designed to provide training in the 
basic fundamentals of gunnery. They may be conducted on outdoor 
or indoor ranges. 

b. Subcaliber Firing Exercises. The purpose of the subcaliber tables 
is to test and train gunners, to develop speed and accuracy, and to instill 
confidence in tiie gunner's ability to use the direct-fire sights, the aux- 
iliary fire control equipment, and tlic turret controls. They are outlined 
in the tank gunnery qualification course. 

c. Service- Firing Exercises. These exercises arc fired only after crew- 
men have successfully completed all subcaliber exercises. Service exei-- 
cises provide practice in firing the main gun at various tj'pc targets and 
ranges, developing skill, speed, and accuracy in applying gunnery tecli- 
niques and procedures. At the same time, personnel are mentally condi- 
tioned to the blast and recoil of the main armament. In addition, those 
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exercises provide realistic practice in gun and turret preventive-main- 
tenance services, handling and stowage of ammunition, and safety pre- 
cautions on and about tanks. 

d. Crew-Firing Exercises. The purpose of these exercises is to develop 
speed, accuracy, and coordination by all members of the crew. Through 
tlie firing of combat-type exercises, the crew achieves the higli standards 
of training and efficiency to prepare it for combat. Normally, the tank 
moves over a course where various surprise targets are placed which 
will require the tank commander to rapidly engage them with the proper 
type of ammunition. 

Section II. PRELIMINARY SUBCALtBER FIRING EXERCISES 

220. General 

a. The purpose of this instruction is to school the individual crewman 
in the basic fundamentals of tank gunnery. This is accomplished by 
firing the coaxial machine-gun single shot at close ranges in order to 
teach gunners the application of firing techniques. These exercises must 
be mastered by crewmen before they go to the subcalibcr tables in the 
tank gunnery qualificution course. The exercises should be closely super- 
vised and fired in the following sequence: zeroing of the coaxial machine 
gun, first-round hit exorcise, primary method of adjustment, and alter- 
nate method of adjustment. Practice includes the use of the primary 
and secondary direct-fire sights. Tables XI, XII, XIII, and XIV of the 
standard familiarization course may be used for this purpose. 

6. Aiming points (spotters) can be drawn on any type of target cur- 
rently in use (fig. 109). They are placed at a distance of approximately 
200 feet for outdoor firing and may be adapted for firing in indoor ranges 
at 1,000 inches. 

c. Accomplishment of these exercises requires ammunition sufficient to 
jiermit firing each tabic twice with each sight. 

221. Zeroing Exercise for Subcoliber Firing 

(table XI) 

a. In order to use the coaxial machine gun for subcaliber firing, it is 
necessary to converge the sights on a target; some sights cuimot be 
converged at less than 200 feet, others will converge at 1,000 inches. 
The procedure for zeroing the machine gun is as follows : 

(1) Loosen the cap screws which secure the front mounting bracket 
of the coaxial machine gun. 

(2) In.stall the coaxial machine gun in its mount. 

(3) Loosen the two socket-head screws that lock the elevation ad- 
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ZEROING TANK TROOPS PILLBOX 




ZEROING HOUSE MG TRUCK 




ZEROING TANK AT BUNKER 



SPOTTERS ON PANEL TARGET FOR PRELIMINARY FIRING 



Figure 109. Spotters on panel target }or preliminary firing. 

justment and the socket-head screw that locks the traverse 

adjustment. 

(4) Center the front barrel bearing of the macliine gun in tlie aper- 
ture of the gun shield by use of the elevation adjustment. 

(5) T]'averse the receiver of the machine gun as far away from the 
line of sight as it will go. 

(6) Grasp the barrel of the macliine gun and jjull it in the direction 
of the line of sight until the front barrel bearing touches the 
side of the aperture in the gun shield. Tigliten the cap screws 
which secure the front mounting bracket of the machine gun. 
Tighten the socket-head screws which secure the elevating and 
traversing mechanism. 

b. Boresight in the following manner: 

(1) Remove back plate, bolt handle, and bolt from the machine gun. 
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(2) One person sights througli the bore while another manipulates 
the turret and gun controls to lay on a definite point at the 
zeroing distance. 

(3) Index appropriate ammunition and a range of 1,500. 

(4) Unlock the elevation and azimuth boresight knobs and lay the 
aiming cross on the aiming point referred to in (2) above. 
Relock the knobs. 

c. Zeroing is accomplished in the following manner: 

(1) Lay on a definite aiming point. 

(2) Fire three rounds single sliot. Re-lay after each round. 

(3) Without disturbing the lay of the gun, refer the sights to the 
center of the shot group by use of the elevation and azimuth 
boresight knobs. 

(4) Fire one or more rounds to confirm the zero. 

(5) If zeroing range is 1,000 inclies, the check round should hit 
within 1 inch of the aiming point; if the range is 200 feet, it 
should hit within 2 inches. 

(6) The zero obtained is used in exercises to follow, and must be 
accurate to obtain the desired results. 

222. First-Round Hit Exercise 

(tabic XII) 

a. With an accurately zeroed coaxial machine gun, crewmen fire at 

various targets at varying ranges. The instructor, or crewman acting as 
tank commander, issues an initial fire command, and tlie gunner places 
tlie aiming cross or appropriate range line on the target. He then fires 
one round at each spotter. Initially, stress is placed on making an accu- 
rate, precise lay with the direct-fire sights. These exercises are not 
scored, but teach accuracy of lay, manipulation of turret controls, and 
correct sight picture. The area within which the round should hit must 
not be greater than the dispersion of the machine gun at that range. As a 
guide, squares or circles 2 inches in diameter are used for targets at 1,000 
inches (iig. 110) ; 4 inches in diameter for targets at 200 feet (fig. 111). 

b. A minimum of 10 rounds are fired witli each sight. Accuracy, 
rather than speed, is stressed. 

223. Primary Method of Adjustment Exercise 

(table XIII) 

a, This is a burst- on- tar get exercise; however, when the coaxial 
machine gun is V)cing used at close ranges, the bullet hole in the target 

is used as the burst or tracer in its proper relation to the aiming point. 
Since the gun is zeroed, the instructor iiuist induce a range error into 
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Figure 110. Targets for subcalibor IfiOO-inch firing. 







6^ 


• 





1 

© 




© 


© 







9) (o 
o) (o 





3" I " 



ZEROING TARGET 



FIRST ROUND HIT, BURST ON TARGET, 
AND ALTERNATE METHOD OF ADJUSTMENT 
TARGET 

Figure ill. Targets {or subcaliber SOO-joot firing. 

the sights and fire-control system, wliich will cause the gunner to miss 
with the first round. 

The instructor if-sues an initial fire command requiring the gunner 
to engage a target. The gunner fires a round, notes the jjoint on the 
reticle where the round hit in relation to the aiming point, apjjlies burst- 
on-target, and fires a second round wliich should be a target hit. Induced 
range error should not exceed 200 yards. Tlie tank commander announces 
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TARGET, CEASE FIRE, when a target hit is obtained. Tlie gunner 
will not be allowed to fire more than three rounds at any one spotter. 
This exercise is practiced using the primary and secondary direct-fire 

sights. 

224. Alternate Method of Adjustment Exercise 

(table XIV) 

The same procedure is used to throw off the gimner's established zero 

between problems as was described in the previous exercise (table XIII) . 
The tank commander issues an initial fire command requiring the gunner 
to engage one of the numbered targets on the silhouette or panel. The 
instructor will cover the gunner's sight the moment the gunner announces 
ON THE WAY. Since the gunner will be unable to see the strike of tlie 
round, he will announce LOST. The tank commander, observing with 
binocular, announces his sensing and issues a subsequent fire command. 
Tlie sight is then imcovered and the gunner applies the correction by 
using the sight reticle. When he has applied the correction, he fires, and 
the sight is again covered. This jiroccdurc is repeated for a third round 
if necessary. The gunner fires problems using both primary and sec- 
ondary direct-fire sights. 

Section III. GUNNERY QUALIFICATION 

225. General 

A qualified gunner is one who has fired a qualification course in tank 
gunnery and attained the prescribed standard score. The purpose of the 
tank gunncrj' qualification course is to jirovide a means of determining 
gunner proficiency ; the course also serves as an adjunct to training. It is 
designed to test crewmen in the duties normally performed by the 
gtmnor. The complete examination for each type of weapon and tank 
is outlined in the field manual for the particular tank. It includes the 
gimner's preliminary examination, subcaliber firing exercises, and service 
firing exercises. 

226. Gunner's Preliminary Examination 

The gunner's preliminary examination is given to each member of the 
tank crew before he fires the qualification course. The examination 
includes materiel and simulated firing tests. A score of 80 percent or 
more is required before the crewman is permitted to fire the tables of 
the tank gunnery qualification course. 

227. Subcaliber Tables 

a. Firing on indoor and subcaliber ranges is an excellent means of 
attaining desired standards of training and preparing gunners for the 
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service qualification tables without subjecting them to the disturbance 
of the muzzle blast and shock of recoil. Training in this type of firing 

has a definite place in tlie sequence of gunnery instruction. It is not a 
substitute for, nor should it be supplanted by, service firing. 

b. The subcaliber tables, as outlined in the field manual for each tank, 
are elcmentaiy in nature and are designed to prepare the crewman for 
similar exercises in the service firing tables. A satisfactory score on the 
subcaliber exercises (limited course) is indicative of tlie gunner's readi- 
ness for service firing (standard course) . 

228. Service Tables 

a. The service ammunition tables (standard course) are fired only 
after the crewwman has successfully completed all subcaliber exercises. 
The first table fired is the zeroing exercise. The established zero is then 
used for subsequent firing. Service tables are fired once for practice and 
once for record. For active Army units, tank gunnery qualification is 
based on the score obtained on the service tables. 

b. The method of scoring, ammunition allowances, and procedure for 
firing the service qualification tables (tables I through VIII) are out- 
lined in the field manual for each of the current tanks (e.g., FM 17-78, 
17-79, 17-80). Tables IX and X have been discontinued with existing 
equipment. 



Section IV. STANDARD FAMILIARIZATION COURSE 

229. General 

a. Tank gunnery familiarization means that an individual has com- 
pleted prescribed exercises for the tank weapons. The objective of a 
familiarization course is to give the individual sufficient training to 
enable him to fire any tank-mounted weapon. 

b. Tliis section outlines a standard familiarization course wliich in- 
cludes preliminary instruction, preliminary subcaliber firing, and service 
firing. 

230. Details of Familiarization Course 

a. Preliminary Instruction. A minimum of 16 hours of preliminary 
instruction should be given to include — 

(1 ) Weapons mechanical training, 

(2) Turret familiarization. 

(3) Conduct of fire. 

(4) Crew drill and service of the piece. 
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b. Ammunition Required. 



Cal 310 tracer (or ball) 30 rouiuls. 

Cal 30 (4 ball to 1 tracer) 50 rounds. 

Ciil .50 (4 ball to 1 tracer) 50 rounds. 

Hli: (for tank gun) 2 rounds. 

Shot (for tank gun) 2 rounds. 



c. rabies To Be Fired. Tallies XI, XII, XIIT, XIV, XV, XVI, and 
XVII are to be fired. 

(1) No time limit or scoring is required for tliese exercises. 

(2) Familiarization subcaliber firing (tables XI, XII, XIII, XIV) 
must be completed before familiarization service firing. (These 
tables are also described in pars. 220-224.) 

(3) Familiarization service firing (table XV) and machine-gun 
firing (tables XVI, XVII) may be fired in any sequence. 



Table XI 
(Zeroing exercise) 



KanKc 


No. of rouiLthi 


Tareets 


Mnthod 


200 ft 


5 


Circles 4 inelios ni di- 
ameter drawn on 
Ivtype silhouettes or 
puncls. 


I'irorl single shot; re-inj- on 
aiming point after each 
round. Fire 3- or 4- 
round shot group, refer 
Slights, and fire a check 
round. Use primary 
sight. 


Table XII 
(First-round liit exercise) 




No. of roumlti 


Targets 


Method 


200 ft 


5 


4- and 8-inch circles 
drawn on a panel or 
silhouette target. 


Fire oiM! round at each of 
the five circular ty|)C 
spotters. Use primary 
sight. 


Tabic XIII 
( 13urst-on-target) 


Kanec 


No. of roiincls 


Targets 


.Method 


200 ft 


10 


4- and 8-inch circles 
drawn on a panel or 
silhouette target. 


Fired single shot; two 
rounds at each target 
spotter. Induced 200- 
y.'ird rnngc error causes 
ii miss for the inili.al 
rounti. Second round 
should Im! a target hit. 
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Table XIV 



(Alternate method of adjiistincnt) 





No. of roiiiKlH 


Targets 


Method 


200 a 


10 


't- iind S-itich circles 
ilravvn on ii punul or 
silluiuettu target. 


The gtinncr's sight is 
covered just prior to fir- 
ing; unable to see the 

striko, the gunner ap- 
l)lii;s tlic correction un- 
nouiicod in the subse- 
quoiit fire command an(i 
fires a second round. 
Two rounds are fired at 
each spot ter. 


Table XV 
(Service firing) 


ItulIKO 


No. of rounds 




Mctliod 


SOO-I.SOO yds 
800-1,500 yds 


2 sliot, 
2 HE 


GXIi-foot panel 
3X5-fcM)t panel 


I'irod at stationary targets 
from stationary tank. 
Hurst-on-target is em- 
ployed for subsequent 
niiuuls. Tank eoni- 
maiulvr lays gun for 
(lircetion and issues ini- 
tial tire eonimand. 


TablG XVI 
(Coiixiiil iind/or bow niacliine^uti firing) 


UallKC 


No. of roumlt) 


Targeta 


Method 


200-400 yds 


50 


Five E-tyi>e silhouettes 
3 feet apart and stag- 
gored iu depth. 


Coaxial (or bow) gun firing 
from stationary tank at 
stationary targets 200 to 
400 yartls away. Fired 

in bursts of 20 to 25 
rounds using prescribed 
method of adjustment. 



Tabic XVII 
(Caliber .50 macliine-gun firing) 



Itauao 


No- of rounds 


Targets 


Method 


500-700 yds 


50 


Five I2-typc silhouettes. 
Targets placed to re- 
soniblc a crew in posi- 
tion behind a gun. 


Turret-mounted caliber 
.50 niachine-gun firing 

at stationary targets at 
a range of 500 to 700 
yai'ds. Fired in Imrsts 
of 10 to 20 rounds Using 
lirescribed method of 
adjustment. 
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Section V. CREW MOVING TANK EXERCISE 
(STATIONARY TARGET) 



231. General 

This is a crew firing exercise from a moving tank using the coaxial 
niaciiine gun. It is considered ns preliminary training of the tank crew 
and sliould be conducted prior to participation in tank crew proficiency 
and combat type courses. 

Note. Wliere roiigo facilities ure limited, tliis exercise may be fired in liou of the 
moving tank exercise outlined in tank field manuals, not as part of gunnery quali- 
ficiition but for crew training purposes. This course requires only 350 yards of 

runway. 

232. Conduct of Moving Tank Exercise 

a. Targets are four silhouettes representing troops, a 5 x 8-foot panel 
representing a truck, a 3 x 5-foot panel representing an antitank gun, 
and eight additional silhouettes representing troops (fig. 112). 

b. Red flags will be placed on the edge of the runway, indicating each 
comvience firing point. White flags will mark the cease fire points. 

c. The terrain or runway should permit the tank to move at 5 to 8 
miles per hour. 

d. The ammunition will be belted 4 ball and 1 tracer. 

e. Each crewman will make at least one run over the course. 

/. The tank commander controls movement of the tank and firing by 
issuing the proper commands. 

g. The machine gun is cleared at the end of the runway. 

h. Separate runways may be set up and used concurrently, provided 
they are at least 30 yards apart. 

i. Safety and control officers supervise movement and firing by radio 
and visual communication with each tank. 



Crew Moving Tank Exercise* 
(Coaxial firing at stationary targets) 



Range — yanis 


of rounds 




Method 


150 


50 


4 standing silhouettes to 
right front. 


Tank commander com- 
mands DRIVER MOVE 
OUT, and issues fire 
command to engage 
troops. Tank fires on 
the move. 


200-250 


25 


Truck (5 X 8-foot panel). 


Tank commander isiiucs 
fire command to engage 
truck target. Gunner 
fires one burst while 
lank is moving. 



Sco footnote at cnrl of table 
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HALT CEASE FIRING RETURN 
TO STARTING POINT 



MOVE OUT 

COMMENCE FIRING ON WEDGE 
FORMATION 



p HALT 
J FIRE ON AT 



0 



f COMMENCE FIRING ON TRUCK 
(TANK MOVING) 



CEASE FIRING— MOVE TO NR 2 



LOAD AND MOVE OUT 
COMMENCE FIRING ON NR 1 (TROOPS) 



Figure 112. Course jor crexo moving tank exercise. 
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Creiv Moving Tank Exercina* — Continued 





No. of roundel 


Targets 


Alethod 


150 


23 


AT gun (3 X 5-foot 


Tank commander says 
I~lT?TVli'TJ STAP mil 
issues fire eomrn;incl to 
engage AT gun. Ono 
burst is fired at panel 
with tank halted. 


100-150 


50 


8 kneeling type silhouettes 
in wedge formation. 


Tank moves remaining 50 

yards on runwaj' while 
firing at troops in wedge 
formation. 



* SCORING : PRSslblo 100 points : I jxiints for th« first hit on cacli sillioucttc tancct nnd 1 point for 
each additional liit, not to <»cc(h^ & pointa por silliniiotte ; 2 points for each hit on punel targiita, 
nut to cxriwd 20 points per tiirKcl, Sulisfactory scoru— 70. 



Section VI. CREW FIELD FIRING EXERCISES 

233. General 

a. Field firing begins with firing at stationary targets from a sta- 
tionary tank and progresses to firing at surprise and moving targets 
from stationary and moving tanks. These exercises are a realistic 
approach toward combat-type firing. 

b. Service field firing is the culmination of all previous gunnery train- 
ing and is conducted after qualification and machine gun field firing. 

The objective is to train the crewmen in the proper selection of ammuni- 
tion and to test their ability to fire upon any target that may face thcni 
on the battlefield, especially those whose direction and location are not 
known. Appropriate targets arc constructed (fig. 113). Firing should 
progress from close to more distant targets and from plainly visible to 
partially visible targets. Gun simulators and moving and surprise 
targets should be utilized. 

234. Conduct of Field Firing Exercise 

a. Field service firing exercises may be of varying types. Figures 1 14 

and 115 illustrate types of course layouts which are adaptable to existing 
range facilities. The number of targets and the length of the course may 
be increased, and different type targets may be used. The tank should 

move a mininmm of 50 yards between firing problems. Dual runways 
may be established, using a common impact area (fig. 116). 

b. The officer in charge of firing must brief each crew and maintain 
control. The briefing includes such information as: 

(1) Explanation of tlic course and procedure, 

(2) Targets to be engaged. 
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(HE PANEL) 



(SHOT PANEL) 



I- 5- .i 



(MG-TRUCK PANEL) 



I- 8' 



t« 6' H 



7'/»' 



T H (>'- 

II — 



(TANK-SIDE VIEW) 



-12'- 



T 



(TRUCK) 



I 



7'/i 



T 
i 



(TANK-FRONT VIEW) 



.30 YDS, 



, 1/./ l~2'A'-<i 

J ^ vri^' 

\. I (TANK HULL \ 
1 1 DOWN) 1^ 

h 6' H 



15 YDS 



(TROOPS) 



Figure 113. Targets for field firing exercises. 



(3) If a first-round hit is not obtained, gunner will apply bm-st- 
on-target. 

(4) Tank commander issues fire commands and traverses turret. 

(5) Speed and accuracy are expected. 

(6) Coaxial machine gun will be fired in bursts of 20 to 25 rounds, 
turret-mounted machine gun in bursts of 10 to 20 rounds. 

(7) Gun must be pointed toward inii)act area within safety limits 
once the tank reaches the firing lane. 

(8) Interphone and radio will be used at all times; radio clieck will 
be niiido with safety officer i)rior to moving onto the course. 

(9) Driver control measures. 

(10) Flag signals to be observed. 
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Figure II4. Cre-w field firing course A. 



Crew Field Firing Exercise 
(Course A) 



Ranf]CQ — -yards 


No. of ronndf; 


Targets 


Method 


1,200 


2 HE 


AT gun (3 X 6-foot 


Crew i.s brief e<l on the 






panel). 


exercise. The tank 


200-250 


75 Cal. .30 


Troops (5 silhouette tar- 


moves over the course, 






g«ts). 


halts, and fires on tar- 


800 


2 shot 


Moving tank (7J^ X 12- 


gets !iK they appciir. All 






foot pariol). 


gun.s mu.st be cleared 


400 


50 Cal. .50 


Moving truuk (.5 X 8-foot 


before tank moves off 






panel). 


the courssc. 
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Figure 115. Crew field firing course B. 
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Crew Field Firing Exercise — Continued 
(Course B) 



ItanKG — yanto 


No. of rounds 


Taruots 


Method 


1,800 


2 shot 


T;iiik (piiiiel parLially vis- 

ilklo^ rkr tlirivttlif tiiriml. 

A(Fll..y KIR llll/VlllL^ utll Kl^ I'l 


Siiine as noui-sn A excRpt 
aiul ;it gr(!jiter Minges. 


2,000 


2 HE 


AT gun (siinuhite firing 
AT gun from bunker). 


Stress accurate range de- 
termination and tiirgct 


500 


75 Cal. .30 


Troops (wedge formation 
of 5 silhouettes). 


recognition. Tank 
moves when firing the 


1,000 


50 Cal. .50 


Track (panel, stationary 
or moving, of a truck or 
a crew-servecl weapon 
in the opon). 


coaxial macliino gun 
only. 



SecHon VII. TANK CREW GUNNERY PROFICIENCY TEST 

235. General 

The following test i3 not a part of tlie tank giiniiei-y qualification 
course, but may be given to determine the level of tank crew proficiency. 

236. Description of Crew Proficiency Test 

The tank crew proficiency test is used to emphasize the importance of 
establishing a liigh standard of proficiency, close crew coordination, and 
teamwork within the tank crew. It stresses the importance of engaging 
targets with the correct tank weapon and ammunition, tluis insuring an 
adequate supply of ammunition for the continuance of the mission. This 
test requires the tank crew to engage, rapidly and accurately, a series 
of combat-type targets. The crew must employ all the tank-mounted 
weapons — the bow machine gim (where applicable) , the coaxial maciiinc 
gun, the turret-mounted machine gun (air and ground roles), and the 
main gun. In order to add realism to the test, the testing unit should 
draw up a general situation outlining the general mission of the tank 
crew, with special situations for each of the firing problems. To realize 
full benefit from the test, time must be accurately kept and targets 
positively scored. 

237. Elements of Crew Proficiency Test 

The crew is required to fire seven consecutive problems as one firing 
exercise. The sequence may be varied. 

a. Coaxial machine gun exercise — moving tank. (Will be fired by the 
bow gunner if the tank is equipped with a bow machine gun.) 

b. Coaxial machine gun exercise— moving tank> 
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c. Turret-mounted machine-gun exercise — air target. 

d. Turret-mounted uiaclune-gun exercise — aground target. 

e. Service firing exercise — shot at moving target. 
/. Coaxial maciiinc gun exercise — moving target. 
g. Service firing exercise — HE at stationary target. 

238. Special Situations, Crew Proficiency Test 

The following special situations apply as the tank moves out to fire 
the exercise (fig. 117) : 

a. The tank moves out from the assembly area (1). The tank com- 
mander notices several enemy infantrymen to his front. He commands 
the gunner (bog) to engage this target while continuing to move. When 
the gunner opens fire, the enemy infantrymen scatter. (If the tank is 
cquip]3ed with a bow machine gun, the command is given to the bow 
gunner.) 

b. As the tank continues on its course, the tank commander notices 
an enemy machine-gun team on the side of a hill to his right front (2) . 
He commands his gunner to take the target under fire with the coaxial 
maciiine gun while the tank is still moving. The enemy machine-gun 
team is destroyed. 

c. As the tank moves down the course, the tank commander receives 
an air alert. He immediately prepares to engage an aerial target with 
the caliber .50 machine gun. An aerial target appears (3) ; the tank stops 
and the tank commander engages the target. The tank moves out. 

d. The tank commander notices a friendly infantryman signaling him 
to stop (4). He stops his tank and joins the infantryman. The infantry- 
man tells him there is an enemy gun crew going into position around the 
bend to his immediate front. The infantryman identifies the target with 
his rifle, using tracer ammunition. The tank coimnander identifies the 
target, returns to his tank, and cautiously moves out. As he rounds the 
bend he engages the target with the turret-mounted caliber .50 machine 
gun. 

e. The tank moves on, and an enemy tank comes out of a draw to the 
front (5). The tank commander stops the tank and commands the 

gunner to engage the target with shot ammunition. The enemy tank is 
destroyed, so the tank commander orders a continuation of the mission. 

/. Just as the tank moves out, a truck filled with enemy infantrymen 
appears in the same draw as the enemy tank (6) . The tank commander 
commands the gunner to engage the target with the coaxial machine gun. 
The truck is hit and bums. 

g. Again the tank moves out, and the tank commander sees a flash 

which appears to be an antitank gun firing at his tank (7) . He stops 
the tank and commands the gunner to engage the target with HE ammu- 
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Figure 117. Course for tank crew gunnery proficiency test. 
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nition. The antitank gun is destroyed, and the tank conunander con- 
tinues the mission, thus completing the firing exercise. 

239. Firing Exercises, Crew Proficiency Test 

Note. All hatches except that of the tank commander will be closed during all 
firing. 

o. Coaxial Machine-Gun Exercise — Moving Tank. 

(1) Nature of exercise. The gunner will fire 75 rounds (4 ball to 1 
tracer) of caliber .30 ammunition at stationary targets from a 
moving tank. (Tanks equipped with the bow machine gun will 
fire this exercise as a bow machine gun problem.) 

(2) Targets and range. 

(a) Targets will be E-typc silhouette (not less than five) placed 
to represent troops so positioned as to be visible to the gun- 
ner (or bog). Targets should be placed within an area 16 
yards deep by 5 yards wide. 

(b) Targets will be placed at a range of 200 to 300 yards from 
the firing line and in line with the direction of tank move- 
ment. 

(3) Method of conducting exercise. 

(a) A testing officer will observe the firing from the rear deck of 
the tank. 

(6) The tank moves forward along a road or trail with the 
coaxial machine gun half-loaded. As the tank reaches the 
firing line, the testing officer conmiands COMMENCE FIR- 
ING. The tank commander issues the initial fire command to 
the gunner, who opens fire and expends his entire belt in 
bursts of 20 to 25 rounds. The tank, commander will throw a 
practice grenade in the target area as the tank passes. The 
tank commander commands CEASE FIRING upon reaching 
the cease fire point. 

(c) The testing officer records the time from the command COM- 
MENCE FIRING to the cessation of fire. 

{d) After the firing ceases and the gun is cleared, a scoring crew 
will mark hits and record the score (par. 240). 

b. Coaxial Machine-Gun Exercise — Moving Tank. 

(1) Nature of exercise. The gunner will fire 75 rounds (4 bull to 1 
tracer) at stationary targets from a moving tank. 

(2) Targets and range. 

(a) Targets will be E-type silhouettes (not less than five) placed 
to represent troops. Targets should be placed within an area 
25 yards square, 

(6) Targets will bo placed at a range of 300 to 500 yards from the 
firing line and diagonal to the direction of tank movement. 
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(3) Method of conducting exercise. 
(a) A testing oiScer will observe the firing from the rear deck of 

the tank. 

(6) The tank moves forward toward the firing point with the 
coaxial machine gun half-loaded. As the tank reaches the 
firing point, the officer commands COMMENCE FIRING. 
The tank commander issues his initial fire command to the 
gunner and traverses the turret in the direction of the target. 
As soon as the gunner identifies the target, he takes over 
control of the turret and fires the problem. 

(c) The testing oflScer records the time from the first clement of 
the fire command to cessation of fire. 

(d) After firing ceases and the gun is cleared, a scoring crow will 
mark hits and record the score. 

c. Turret-Mounted Machine-Gun Exercise — Air Target. 

(1) Nature of exercise. The tank commander will fire 50 rounds of 
caliber .50 tracer ainmunition from the turret-mounted machine 
gun at an air target, from a tank that has been halted. 

(2) Targets and range. Tlie target is an aerial target, diving diag- 
onally across the path of the tank at a range of about 300 
yards. (Balloons may be used.) 

(3) Method of conducting exercise. 

(a) The testing officer indicates an air alert to the tank com- 
mander. The officer then gives a prearranged signal, and the 
target is released. When the target appears, the tank com- 
mander halts the tank and engages the target. He will fire 
in one continuous burst, adjusting his fire from the tracer 
stream. 

(6) After firing ceases and the gun is cleared, a scoring crew or 
the testing officer will record the score. 

d. Turret-Mounted Machine-Gun Exercise — Ground Target. 

(1) Nature of exercise. The tank commander will fire 50 rounds of 
caliber .50 amnmnition (4 ball to 1 tracer) from the turret- 
mounted machine gun at an area target. This is a problem in 
reconnaissance by fire. 

(2) Targets and range. 

(a) The target will be an area approximately 50 yards by 10 
yards, so located as to represent a logical enemy position. 
A wooded area is most desirable. 

(6) The target area should be at a range of 300 to 400 yards and 
located diagonally to the direction of tank movement. 

(3) Method of conducting exercise. 

(a) A testing officer will observe the firing from the rear deck of 
the tank. 
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(b) As the tank moves forward, an area of suspected enemy 
activity is pointed out to the tank commander, who engages 
the target with the caliber .50 turret-mounted macliine gun. 
He will fire in bursts of 10 to 20 rounds. 

(c) After firing ceases and the gun is cleared, a scoring crew will 
record the score. 

e. Service Firing Exercise — Shot at Moving Target. 

(1) Nature of exercise. The gunner will fire two rounds of shot 
ammunition at a moving panel from a tank that has been 
halted. 

(2) Targets and range. 

(a) The target will be a tank silhouette or a 6 x 6-foot shot panel 

painted OD to represent an armored vehicle. The target will 
be mounted on a moving rail car or a towed sled. It will 
travel perpendicular to the line of fire at a speed of 10 miles 
per hour and will be exposed for 300 yards. 
(6) The range to the target will be 900 to 1,000 yards. 

(3) Method of conducting exercise. 

(a) A testing officer will observe the firing from the rear deck of 
the tank. 

(6) The tank moves fonvard. As the tank approaches the firing 
point, the target appears. The tank commander halts the 
tank, issues the initial fire command, and traverses the turret 
in the direction of the target. As soon as the gunner identifies 
the target, he takes over the controls and engages the target. 

(c) The officer records the time from the first element of the fire 
command to the cessation of fire. 

(d) After the firing ceases and the gun is cleared, the target 
detail will record the score. 

/. Coaxial Muchine-Gun Exercise — Moving Target. 

(1) Nature of exercise. The gunner will fire 75 rounds (4 ball to 1 
tracer) at a moving panel target from a tank that has been 
halted. 

(2) Targets and range. 

(a) The target will be a truck silhouette mounted on a moving 
rail car or a towed sled. The target will be OD in color to 
represent a cargo-type vehicle. The .speed of the target will 
be approximately 10 miles per hour. The target will travel 
perpendicular to the line of fire and will be exposed for 300 
yards. (A 6 x 6-foot shot panel may be substituted for the 
truck silhouette.) 
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(b) The range to the target will be 400 to 600 yards. 
(3) Method of conducting exercise. 

(a) A testing officer will observe the firing from the rear deck of 

the tank. 

(6) The tank moves forward with the coaxial machine gun half- 
loaded. As the tank approaches the firing point, the target 
appears. The tank commander lialts the tank, issues the 
initial fire command, and lays the turret for direction. As 
soon as the gunner identifies tiie target, he takes over the 
turret controls and engages the target, firing in bursts of 20 
to 25 rounds. 

(c) The officer records the time from tlie first element of the 

initial fire command to the completion of the problem. 
id) After firing ceases and the gun is cleared, the target detail 
will record the score. 

g. Service Firing Exercise — HE. 

(1) Nature of exercise. The gunner will fire two rounds of HE 
ammunition at a simulated antitank target from a tank that 
has been halted. 

(2) Target and range. 

(a) The target will be a simulated antitank gun position. A 
3 X 5-foot HE panel, painted to blend with the surrounding 
terrain, may be used. 

(6) The target will be located at a range of 1,000 to 1,500 yards. 

(3) Method of conducting exercise. 

(o) A testing officer will observe the firing from the rear deck of 
the tank. 

(fe) The tank moves fonvard. As it approaches the firing point, 
a placed cliarge is set off in the vicinity of the target. The 
sound and flash bring the target to the attention of the tank 
commander, wiio halts his tank and issues the initial fire com- 
mand while traversing the turi-et in the direction of the target. 
As soon as tlio gunner identifies the target, he takes over the 
controls and engages the target. 

(c) The testing officer records the time from the first element of 
the fire command to cessation of fire. 

(d) After completion of the problem, the testing officer will record 
the score. 

240. Scoring Crew Proficiency Test 

a. The total possible score for the crew test is 1,000 points. A score of 
650 or higher gives a satisfactory rating. The individual exorcises are 
scored according to the following table, which can be reproduced and 
used as a score card: 
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SCORING TABLE 

DATE BN TK CMDR 

CO GUNNER 

CREW LOADER . 

BOG 



Target 
No 




Koiinds 




T'aav if 


PonnU 




l-Bog 
or Coax 


75 




20 for ciu;h target hit up 

t<> fiv<; (argots. 
20 for optiiiing fire in 10 

scooiuls. 
10 for iiiitiiil fire coin- 

matid. 

10 for proper method of 
firCr 








2-Coa.\ 


75 




20 for wich target hit up 

to fiv« targcjts. 
20 for ()]>miing fire in 15 

seconds. 
10 for initial fire com- 

ni:iii<l. 

10 for j)roi)er method of 
firo. 


140 






3-AA 


50 





(iO for liitting the target. 
25 for leading the tai^t 

pniperly. 
25 for getting fire into 

1 Mrgct iirca. 
20 for proper method of 

fire. 


130 




'70 


4-Ciil. 
.50 


50 




10 for (iacli target hit up 

(.0 five targets. 
50 for covering entire 

target urea. 
40 for ]iro|M!r method of 

fire. 


140 






5-Taiik 


2 




100 for hitting the target. 
30 for <i|)cning fire in 20 

socondij. 
10 for initial fire ooni- 

niand. 
10 for ])ropcr tracking. 






«110 


(5-Trk 


75 




10 for each target hit up 

to 10 hits. 
20 for opening fire in 15 

seeoiids. 









See footnote ot mid of taljle. 
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SCORING TABLE— Continued 



Target 
No. 


Kounils 


used 


Item 


Poasiblc 


Points 
made 


Total 
rating' 






10 for initial firo com- 
mand. 

10 for proper inclliod of 
fire. 

10 for pro]>ur tracking. 


150 




«100 


7-AT 


2 


100 for getting effect in 
target iirua. 

20 for <)|)oning fire in 20 
seconds. 

10 for initial fire com- 
mand. 

20 for comploling fire in 

45 seconds. 
ALSO: Cut 10 from total 

for each 5 seconds over 

45 SKCinids. 


ir>o 




«110 


OVERALL 


1000 




*G50 













' Only satisfactory or iinsadsfairtory tatiiiK iisvil. 
' Score rcquirwl for stittsfiicttiry rating. 



b. Notes for Scoring Officer. 

(1) Eacli target will be inspected for hits, and pastors will be placed 
over ail holes, 

(2) Tank coniiiianclers will identify ail targets and will issue com- 
mands to crew members. 

(3) Crew nicniboi-s who have been tested will not be allowed to 
serve in any capacity witli another crew that is taking the tests. 

(4) Each crew should fire its own tank. In any event, the crew 
will Adjust tlic sigiits of the t:uik it uses for firing. 

(5) Guns aiid tanks are assumed to be in perfect condition. Retests 
will not be given to tliosc crews whose tanks or guns fail to 
function properly. Kctcsts may be given to tliose crews whose 
firing is interfered with by circumstances beyond their control. 

(6) Each problem will be critiqued upon completion. 

(7) Scoring of tlie entire test will bo aceomplislicd us follows: 

(a) Eacli crew'.? scores for tlie seven parts of the test will be 
totaled. This total is the crew's test scoi'e. 

(b) The company score will be the average score of all crews 
tested in the company. 

(c) The battalion score will be the average score of all crews 
tested in the battalion. 

(d) A test score of less than 65 percent is unsatisfactory (sec 
scoring table) . 
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CHAPTER 12 



ESTABLISHING AND CONDUCTING 
TANK FIRING RANGES 



Section 1. INTRODUCTION 

241. General 

a. Range firing is tlic type of training whicli most closclj'' approxi- 
mates the ultimate in combat — tiie destruction or annihilation of tlic 
enemy. Realistic training is achieved by tlic use of live ammunition on 
organized ranges. Tank ranges arc of various types. Some arc pcrma- 
mently established, such as tliose at armor training centers; others are 
used periodicalh'. Range sites are designed for specific purposes, types 
of weapons, and particular firing exercises. All personnel in armored 
units will be concerned with range firing i>i'acticc in some form or other, 
cither as tank crewmen firing prescribed com scs or as officers responsible 
for planning, supervising, or conducting range firing. 

b. In order to acconiiilish the assigned mission, commanders must 
understand and compl\' with AR 385-63 and other appropriate Depart- 
ment of the Army directives, local range regulations (which govern all 
firing and use of looal facilities), and provisions of a))propriatc field 
manuals which prescribe weapons firing. 

242. Purpose 

The purpose of this chapter is to — 

a. Improve conduct and operation of tank ranges. 

b. Establish procedures and provide guidance. 

c. Supplement existing regulations by providing additional informa- 
tion and safety nicasuras to be used in the conduct of tank gunnery 
ranges. 

Section il. ESTABLISHING TANK FIRING RANGES 

243. General 

Range firing for tank crews is vital to their training. This training will 
be necessarj' wherever armored units are stationed. It is important that 
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adequate facilities be made available for all individual and crew firing 
exercises. The area required for establishing a range for firing tank guns 
will be dependent upon tbe oaliber of weapon and the type of ammuni- 
tion. Tliis area should provide for direct firing at targets placed from 
500 yards to 2,500 yards if possible. AR 385-63 prescribes the surface 
danger area diagram for all direct firing by tank weapons. 

244. Range Safety Overlay 

a. A range safety overlay (fig. 1 18) illustrates the safety limits re- 
quired to fire a pnrticular ty]3e of weapon and ammunition in a given 
area. It includes such information as — 

(1) Date and time of fire. 

(2) Type of weapon and ammunition. 

(3) Moving or stationary vehicle. 

(4) Moving or stiitionury target. 

(5) Coordinates of firing jioint or line. 

(6) Azimuth of right and left firing limits. 

(7) Location of safety markers, 

(8) Minimum range at wliich weapons can be fired. 

(9) Maxinunu range at wiiich weapons can be fired. 

(10) Range of weapon at 15° elevation. 

(11) Date of preparation, 

(12) Preparing agency. 

(13) Maps to be included with overlay, 

(14) Responsibility for and location of roadblocks. 

fa. In the planning and establishing of a range, the following factors 
must be considered: 

(1) Safety markers (barber poles) may be placed to provide a eom- 

inon impact area for all tanks on the firing line. To make maxi- 
mum use of a narrow impact area, additional barber poles are 
])laced so that tanks right of center on the firing line use the left 
inner marker and the right outer marker as their safety limits. 
Tanks left of center use the right inner marker and the left 
outer marker. 

(2) To eliminate confusion, use black and yellow barber poles for 

inner markers and red and white barber i>olcs for outer markers. 

(3) When possible, barber poles should be placed at a range of 1,600 
yards from the firing line so that they may be used for bore- 
sighting and for adjustment of internal correction system 

settings. 

(4) When a range is first established, an air space request must be 
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OVERLAY: Tank Range Nr 5 



MAPS: KENTUCKY, 1:25,000, FORT KNOX, PITTS POINT, COLESBURG and 
VINE GROVE. 

ORGANIZATION TO FIRE: 757th Tank Battalion. 

DATE AND TtAAE OF FIRING: 26 Jul/ 1956. 

TYPE OF WEAPON AND AMMUNITION: Caliber .30 and caliber .50 MG — 

Ball and Tracer; 90-mm Gun — AP ond HE. 
Stationery vehicles firing at field targets, stationary panels, and moving 

targets. 

FIRING POINT COORDINATES: 

Left end— 596101. Right end— 597191 

FIRING LIMITS: 

Grid azimuth for left firing limit — 1071m. 
Grid azimuth for right firing limit — 1507m. 
• Inner safety marker (common impact area), 
Outer safety marker. 

MINIMUM RANGE: 1000 inches for MG, 500 yards for tank gun. 

MAXIMUM RANGE OF WEAPON: Range of weapon firing Cartridge 
AP-T, T33E7 at 15 degrees (267m)— 12,800 yards. 

MISCELLANEOUS: 

Officer in charge of firing is responsible for raising and lowering 
range flag and manning road block as indicated. 

PREPARED: 26 July 1956, S3, 757th Tank Battalion. 



Signature; 




S3 



Figure 118. Range sajely overlay. 
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forw.irdcd through channels in order to prevent aircraft from 

flying ovei- the range. 

245. Subcaliber Ranges 

Subcaiibcr exercises are fired at distances uj) to 200 feet. A sintilc 
range site can be cstablislicd to facilitate the firing of all subcaliber 
tables at one location. A target layout for subcaliber firing is shown in 
figure 119. 

246. Combat Range 

A combat range shoidd be cstablislicd to require high staiulards of 
proficiency similar to those demiindcd under combat conditions. It 
shoidd be designed as a jiraotical firing exerci.'je to stress the coordination 
of fire of tank weapons on \'arious type combat targets, and to cause 
the tank crew to operate as a fighting team. Figure 120 illustrates a typo 
combat range layout, showing how both service amniuiiition and small 
arms safely fans arc adai)tcd to the terrain. 
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TARGET LAYOUT FOR 5UBCALIBER EXERCISES 
GUNNERY QUALIFICATION COURSE, ON ONE RANGE 



MOVIN6.TARGET-TRACK 



I i 1 I 



I I I- I r 1 I I I 

ZEROING— FIRST HOUND MOVING TARGET 
HIT t lOT EXERCISE EXBICISE 



T — r 



1 i 1 i 



,1 



I Z REFERENCE STAKE 

I 

_ I _ AUXIIIARY FIRE 
' B I H CONTROL EXERCISE 

\m I 

I i" 



T ,1 



I 

I 

1000 IN 
I 



\ I I 

nt I 
Ml I 

Ml I 



MANinjlATION EXERCISE 



''1 
1,1 1 

T 



i J ^ 

•S^ HRING UNE- 



117 FT 
I 



HRING UNE 

Figure 110. Target layout for suhcaliber firing. 



a. Assembly Area. Is selected in defilade and concealed from target 

No. 1. 

b. Firing Position No. 1. Is selected as tlie tank exits from tlie woods, 
to permit engagement of a surprise target with main annainciit at 
approxiniately 1,000 to 1,200 yards range. The range safety overlay is 
constructed from this position. 

c. Firing Position No. 2. Is selected as a luill defiliidc position on a 
ridge to pui-niit eiigageiiiont of a moving target witii main armament at 
approximately 800 to 1,000 yards range. Distance between -position 1 
and position 2 must he added to vtaximtm range limit of the range safety 
overlay. 
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Figure 120. Combat range layout. 



d. Firing Position No. 3. Is selected at the entrance to a mock village 
to permit engagement of surjjrise targets witli tlie coaxial and turret- 
mounted machine guns (and bow gun, if tank is so equipped). The tar- 
gets should appear from doorways, first-floor windows, and second-story 
windows. Caliber .50 and .30 machine-gun range safety overlays are 
establishcil from this position. 

e. Firing Position No. 4. Is selected as the tank exits from the village, 
to permit engagement of an area target with the tank machine guns at 
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approximately 700 to 1,200 yards range. It will be necessary to establish 
a machine-gun range safety overlay at this position if fire docs not fall 
within the main armament range safety fan. 

Section III. CONDUCTING TANK RANGE FIRING 

247. General 

Thorough planning and supervising are essential to all range firing 
exercises. The officer in charge of firing is responsible for all activities 
on the range. He is assisted by a safety officer, who has no duties other 
than insuring safety. They both must insure eompliance with safety 
precautions prescribed in All 385-63 and other pertinent directives. In 
order to take full advantage of the firing time allotted, the officer in 
charge of range firing should become familiar witli his duties well in 
advance of the firing period. 

248. Duties of Officer in Charge of Tank Range Firing 

The officer in charge (OIC) performs certain duties before, during, and 
after range firing. 

a. Before Range Firing. 

(1) In his analysis of the training mission, the OIC should con- 
sider what, who, when, where, and how he will conduct firing. 

(2) The OIC reconnoitcrs and checks the range area and facilities, 

to include firing points, target equipment, target area, target 
supplies, safety limits, safety markers, and roadblocks. Loca- 
tions of all roadblocks are recorded. 

(3) A range lesson plan is prepared by the OIC and serves as a guide 

and ready reference for genera! procedure to be followed. Les- 
son planning includes preparation of a check fist to insure pro- 
curement and coordination of necessary personnel, equipment, 

and supplies, as well as establishment of the range. 

(4) Final preparation includes a final check of range facilities, tar- 
gets, communication facilities, ammunition, and all other co- 
ordinating activities. 

b. During Range Firing. 

(1) Upon arrival at the range, tlie OIC should conduct a briefing for 
his assistants and personnel to fire. This briefing is a state- 
ment of purpose, objectives, standards, procedure to be fol- 
lowed, and safety precautions to be observed. The briefing will 
also include an explanation and demonstration of iiropcr 
methods of handling ammunition. 
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(2) Clearance to fire should be obtained after road guards are 
posted. Tlic red range flag is raised in accordance with local 
regulations. 

(3) Control of the firing is maintained by the officer in charge. This 
authority must not be delegated. 

(4) At all times the OIC positions himself where lie can supervise 
the operation of the range. He is responsible for all activities 
on the range. 

(6) Accidents that occur are investigated and reported immediately. 

Other necessary action is taken according to tlie unit SOP and 

existing directives. 
(6) Misfires and dented rounds will be removed from the tank and 

handled according to existing directives. 

c. After Firing Is Covipleted. 

(1) The OIC will supervise the care, handling, and turn-in of brass 
and unfired ammunition. 

(2) All weapons are cleaned on the range under the supervision of 
the OIC. 

(3) The post range office and unit operations section will be notified 
upon completion of the firing. 

(4) Personnel will be inspected for live ammunition prior to de- 
parture from the range. 

(5) The range and facilities are policed, and repaired if necessary, 
prior to departure from the range. 

(6) A critique is conducted at the range site. 

249. Checklist for Officer in Charge of Tank Range Firing 

The following checklist may be used as a guide in preparing for and 

conducting range firing. 

a. References. 

(1) AR 385-63. 

(2) Post range regulations. 

(3) Unit range SOP. 

(4) Current training directives. 

(5) Appropriate weapons field manuals. 

6. Action Prior to Scheduled Day of Firing. 

(1) Analysis of mission, 
(a) What is the mission? 
(6) Who is involved? 

(c) When is the firing to be conducted? 

(d) Where is it to be conducted? 

(e) Haw is the range firing to be conducted? 
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(2) Tentative plan. Make a tentative plan to include — 
(a) Units to fire. 

(6) Ammunition requirements, 

(c) Transportation requirements. 

id) Supply, 

(e) Training 

(/) Assistants. 

(3) Reconnaissance of range. 

(a) Routes and condition of roads. 

(b) Firing points and target equipment. 

(c) Target area and target supply. 

(d) Safety limits (check with range safety overlay). 

(e) Mess area. 

(/) Roadblocks and range flags. 

(<;) Communications. 

{h) Concurrent training area. 

(i) Arrangements for correction of deficiencies. 

(4) Lesson plan. 

(a) Objective of range firing. 

(b) Standards required. 

(c) Procedure and courses to be fired. 

(d) Plan for movement to and from range. 

(e) Schedule for firing and concurrent training. 

(/) Equipment and personnel (safety officer, control officer, sup- 
ply and mess personnel, turret tneclianic, radio repairman, 
and others as required). 

(gf) Special instructions to participating units, 

{h) References. 

(5) Preparing range. 

(a) Check firing schedule. 

{b) Check training schedule. 

(c) Check with local range officer. 

(d) Insure that range deficiencies have been corrected. 

(e) Coordinate with unit S3. 

(/) Notify all personnel concerned. 
(g) Conduct a briefing of assistants. 
(A) Supervise placement of targets. 

(t) Coordinate with supply, mess, and maintenance personnel. 
(;') Insure presence of ambulance and qualified aid man. 

c. Conduct of Range Firing. 

(1) Give final briefing to assistants on the range. 

(2) Brief personnel to fire. 

(3) Orient and post road guards, and check roadblocks. 
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(4) Obtain clearance to fire. 
(6) Baise range flag, 

(6) Maintain rigid control of the firing at all times. 

(7) Rotate personnel according to plan. 

(8) Report and investigate all accidents immediately. 

(9) If extension of time is required, obtain permission from post 

range officer to continue firing. 

d. Action After Firing Is Completed. 

( 1 ) Supervise cleaning of weapons. 

(2) Supervise the removal of machine guns. 

(3) Turn in brass and ainiminition. 

(4) Report location of duds and misfires. 

(5) Notify range office and unit S3 that firing is completed, 

(6) Police range. 

(7) Conduct critique. 

(8) Submit necessary reports. 

250. Communication and Control in Tank Range Firing 

a. The type of control and means of communication employed by the 
post range officer are outlined in local range regulations. This control 
system is for the purpose of obtaining clearance, making reports, coor- 
dinating with other ranges, and ceasing fire. The range communication 
system allows immediate shutdown of all ranges in the event of an 
emergency. 

b. The range OIC controls firing by use of radio, telephone, public 
uddress systems, and signal flags. Within the tank, control is exercised 
by use of the tank interphone system. 

c. Signal flags arc displayed on the control tower, or control point, 
and on all tanks during i-ange firing. The display of flags on the control 
tower is the duty of the safety officer. On the tower, a red flag denotes 
)>erniission to fire; a green flag denotes that the range is not clear for 
firing. Tlie proper tank flag signals are: 

(1) Red flag. Tank is carrying live ammunition and engaged in 
firing. 

(2) Green flag. All tank guns are clear and tube is elevated. Any 
live ammunition in the tank is properly stowed. 

(3) Orange flag. Tank is disabled or has a malfunction; used in 
conjunction with other flags. 

(4) Red and green flags. Tank is preparing for firing or dryfiring 
exercise; all guns are clear, but not elevated. 

(5) Red and orange flags. Tank has malfunction or misfire; gun is 
not clear. 
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(6) Green and orange flags. Tank has malfunction; all guns are 
clear. 

(7) Red, orange, and green flags. T:ink has completed firing, tube 
is elevated, all guns are clear. 

251 . Safety Precautions in Tank Range Firing 

The officer in charge of firing is responsible for all safety measures. 
He is assisted by a safety officer, who will have no duties other than 
insuring safety. 

a. The officer in charge, or the safety officer, should have radio com- 
munication with each tank in order to control the firing. 

6. No gun will be loaded (or half loaded) until a command to do so 
has been given. 

c. Before machine gun firing, the safety officer will ascertain that a 
cleaning rod and dry patch have been run through and removed from 
the muzzle end of each gun bore. 

d. Prior to firing main guns, weapons record books must be checked 
to insure that there is sufficient tube life remaining for cacli tank. 
Rounds previously fired, plus those to be fired on the particular range, 
cannot exceed the estimated full service rounds (FSR) limit after last 
ordnance inspection. 

e. Crow members must be cautioned to stay clear of the path of recoil. 

/. When tanks are firing, the OIC will make certain that there are 
no trees or other obstructions in the line of fire that might cause an 
explosion of an HE shell at close range. 

g. In emergencies, anyone may give the command CEASE FIRING. 
Firing will cease immediatel}', regardless of the source of command. 

h. Whenever there is a cessation of fire, breechblocks will be open and 
luacbinc-gun bolts will be held to the rear with T-blocks. 

i. After machine guns arc fired, and prior to dismounting or removing 
them from the tank, each gun will be inspected to see that it is unloaded. 
As iiart of this inspection, a cleaning rod will be passed through the 
muzzle end of the barrel of each gun and removed. 

Tank guns must always be elevated after firing so that any acci- 
dental discharge of the guns resulting from failure to clear guns will go 
above personnel moving about in front of the tank. This procedure, 
however, docs not eliminate the necessity for clearing the guns, 

252. Duties of Safety Officer in Tank Range Firing 

The duties of the safety officer are to insure that — 

a. Safety limits are established on the ground and are understood by 
all personnel. 
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b. All gun tubes are free of dirt or obstruction prior to firing service 
ammunition. 

c. Ammunition is handled correctly. When service ammunition is 
carried, the primer cud will be up and covered with the palm of the hand. 

d. Personnel mount and dismount from tanks correctly. If firing is 
being conducted from stationary positions, crews will mount and dis- 
mount over the right rear deck of the tanks. 

e. Smoking is not permitted and fires are not built in the near vieinit}' 
of the tanks or ammunition. 

/. The red flag is displayed at the control point before firing. 
g. The officer in charge of firing is notified when it is safe to fire. 

k. All range regulations are enforced. 

i. No gun fires outside the lateral safetj' limits, above maximum ele- 
vation, or below minimum elevation, as prescribed by the range safety 
overlay. 

j. The proper powder charge is used (if semifixed or separate loading 
ammunition is being used). 

k. No gun is fired unless tiie riLnge is clear. 

I. No personnel are in the danger area, except as authorized in AR 
385-63. 

m. All personnel at the gun position are briefed and comply with the 
safety regulations. 
n. Equipment for the safctj' officer includes— 

(1) Copy of AR 385-63. 

(2) An accurately dcclinated aiming circle. 

(3) Range safety overlay and map. 

(4) Copy of current local range regulations. 

(5) Cop3' of current I'ange memorandum, to include firing points. 

(6) Copy of the appropriate firing tables. 

(7) Binocular. 

253. Safety Precautions Checklist for Tank Commander or 
Tank Instructor 

The duties of the tank commander or instructor arc to instruct, super- 
vise, and insure compliance with the following : 

a. General. 

(1) No smoking is allowed near ammunition or tanks. 

(2) No personnel will stand on top of turret. 

(3) Personnel mount stationarj' tanks on a firing line from the 
right rear. 

(4) Driver must be alerted when personnel are mounting the tank 
(on moving tank ranges). 
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(5) Misfires are reported to the OIC, who will take necessary 
action. 

(6) Other safety precautions and proper operating procedures, as 
stated under service of the piece in the field manual for a 
specific type tank, are complied with. 

b. Tank Commander's Position. 

(1) Keep feet inside turret ring at all times. 

(2) Keep entire body clear of recoil. 

(3) Keep fingers off firing triggers. 

(4) Be prepared to override gunner with power controls if he is 
committing an unsafe act. 

c. Gunner's Position. 

(1) Keep finger off tlie firing trigger until ready to fire. 

(2) Keep body clear of recoil. 

(3) Do not fire unless target is clearly identified. 

(4) Do not announce ON THE WAY until after hearing the loader 
announce UP. 

(5) Announce ON THE WAY and pause one second before firing. 

(6) In case of misfire or sto]jpage, turn off firing switch and 
announce MISFIRE (STOPPAGE). 

d. Loader's Position. 

(1) Insure that ammunition is properly stowed and secured and 
that the primer is protected at all times. 

(2) Keep clear of path of recoil. 

(3) Insert T-block before announcing tliat machine gim is clear. 

(4) Use asbestos gloves to handle hot brass. 

(5) Do not throw empty brass out, unless area alongside of tank 
is clear. 

(6) Use the extracting and raunuing tool to close the breech, to 
chamber, or to remove a stuck round. 

254. Suggested Arrangement and Handling of Ammunition 
and Containers for Stationary Tani< Firing 

a. Ammunition, boxes (with fiber containers), and brass arc stacked 
as shown in figure 121. 

b. Ammunition is laid on a tarp, fuze toward muzzle, and stacked no 
more than two layers high; front edge (toward muzzle) of the tarp is 
kept free so it can be folded back over ammunition and muzzle blast 
will not uncover ammunition. 

c. Unpack at any one time only the ammunition necessary to fire one 
crew. 

d. Fiber containers are put in boxes stacked five high. Salvageable 
material only will be placed in the fiber containers. Paper, tape, and 
small trash will be policed up. 
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e. Personnel will use wire cutters to cut wire on boxes. Remove con- 
tainers from boxes, place cap end of container on the ground, and remove 
tape. Pull up on large portion of container and remove from round, 
holding the round steady with the other hand. Place left hand around 
nose (tapered portion) of round. Pick the round up, after upending it 
(primer end up) , flip off the cap, and place hand over the primer. The 
round is then carried in this manner to the tarp. 
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high. 



Figure 131. Arrangement oj ammunition and containers for stationary firing. 
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APPENDIX I 



REFERENCES 



DA Pam 108-1 

DA Pain 310-serics 
AR 386^63 

SR 320-5-1 
SR 320-50-1 
FM 6-40 
FM 6-135 

FM 17-32 
FM 17-33 
FM 17-78 
FM 17-79 
FM 17-80 
FM 21-5 

FM 21-6 
FM 21-30 
FM 23-55 
FM 23-C5 
TM 9-525 
TM 9-575 
TM 9-71 8A 
TM 9-730 
TM 9-7012 

TM 9-1900 
TM 9-1901 
TM 9-1990 
TM 9-6166 
TM 11-284 



Index of Army Motion Pictures, Television Re- 
cordings, and Fihnstrips. 

Military Publications (indexes) 

Safety (Regulations for Firing Ammunition for 
Training Target Practice, and Combat) . 

Dictionary of United States Army Terms 

Authorized Abbreviations 

Field Artillery Gunnery 

Adjustment of Artillery Fire by the Combat 
Soldier. 

Tank Platoon and Company 

Tank Battalion 

Tank, 90-mm Gun, M47 

Tank, 90-mm Gun, M48 

Tanks, 76-mm Gun, M41 and M41A1 

Military Training, Part One, Training Manage- 
ment. 

Techniques of Military Instruction 
Military Symbols. 

Browning Macliinc Guns, Caliber .30 
Browning Machine Guns, Caliber .50 
Graphical Firing Tables 

Auxiliary Sighting and Fire Control Equipment 
90-mm Gun, Full-tracked Combat Tank, M47 
76-mm Gun Tank, M41 (TF41E1) and T41E2 
90-mm Gun, Full-tracked Combat Tank, M48 

and M48A1, 
Ammunition, General 
Artillery Ammunition 
Small Arms Ammunition 
Aiming Circle, M2 

Radio Sets; AN/GRC-3, -4, -5, -7, -8 
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INDEX 



Piirngrupli Page 

Acquisition: 

Target 84 74 

Training 215-217 194 

Action of individual tanks in massed fire 151 133 

Additional fire 177 163 

Adjustment, sight. (Sec Sight.) 

Adjustment of fire: 

Indirect 174 161 

Moving targets: 

Alternate method 114 " 100 

Apparent speed 109 97 

Burst-on -target method 113 99 

Initial fire comtnaitd 112 99 

Leading 110 97 

Subsequent fire command 114 100 

Tracking Ill 98 

Single tank in defilade 191 171 

Stationar>- targets: 

Alternate nictiiod 103,105,100 S7,«2,94 

I3urst-on-tai%ct method 103,104 87 

Aiming: 
Circle : 

Care and maintenance 61 57 

Declination 60 56 

Description 55, 56 46 

General uses 58 SO 

Operation 57 49 

Data chart 66 62 

Posts 69 64 

Aim-off 126 108 

Alert clement in fii% coumumds : 

Direct 90 78 

Indirect 166 159 

Alternate method. (See Adjustment of fire.) 
Ammunition : 

Arrangement and handling for stationary tank firing 254 233 

Capabilities 131-136 111 

Care 11 9 

Changing 108 96 

Element in fire commands: 

Direct 91 78 

Indirect 167 159 

Machine gun : 

Cartridge types, cal. .30 21 17 

Cartridge typos, cal. .50 22 18 

Identification 23 18 
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Aininimition — Contimiod 

Special uses of tMtik ammunition 136 

Tank gun : 

ClassificaUoit and comitononts 11,12 

Fuzes 18,91, lOS 

liot numboi s 19 

Painting and iiimking 20 

Projectiles 13-17 

Antipersonnel, antimatoriel projectiles 16,132-136 

Apparent speed 109 

Application: 

Alternate method of adjusting diied fire 106 

Area fire 145 

Armor, ecjuivalont tluc;knBss 131 

Armor-defeating projcL-tilos 15, 131-136 

Annorod vehicles, destruction. (Sac Destruction of 
targets.) 

Arrangciuont and luindling of aminunitioQ for slationmy 

lank firing 254 

.Assembly area, condiat tank firing range 246 

Auxiliary flrc-control equipment: 

Aiming circles 5.5-61 

Azimuth indicators 52 

Compasses 62-65 

Instruments 50 

Quadrants 51 

Training 203 

Azimuth : 

Grid 58 

Indicator 52 

Magnetic 58 

Background, tank 3 

Ballistics: 

Definition 24 

Exterior 26 

Interior 25 

Terminal 27 

Bands, rotating 14 

Base : 

Tank 158 

Battlesight 128 

Bias 213 

Binoculars: 

Care and preservation 37 

Description and use 34,35,75 

Disassembly 37 

Operation 36 

Body 14 

Borcsigliting 46 

E.\croise 201 

Bourrolet 14 



119 
9 

7,78,96 
17 
17 
11 

13,114 
97 

94 
130 
111 
7,111 



233 
224 

46 
43 

r>8 

43 
43 
1S3 

SO 
43 
SO 



18 
19 
18 
20 
11 

147 
109 
193 

32 
28,67 
32 
30 
11 
38 
183 
11 
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Bow: 

Gun. (See Machine giin.) 
Gunner. {See Crew.) 

Bracketing 174 161 

liuilt-iip jirc.'is, engagement 135 117 

Bunkers jiiul pillboxes, cngugcnicnt 135 117 

Burst-on-targct 103,104,113, 87,99, 

144 129 

C factor 156 139 

Cuaister 16 13 

Cunt 49 41 

Capabilities of nrnmunitiiMi 131-136 111 

Card, range 137 124 

Care : 

Aiming circle 61 57 

AmniiinilioD 10 fl 

Azimuth indicator R2 43 

Binocular 37 32 

Compjiss 65 62 

Center of critical mass 103 87 

Clianging ammunition (fuze) 108 96 

Characteristics : 

Indirect firing positions 154 138 

Tank 3,4 5 

Tank gun 5 7 

Chart, aiming data 66 62 

Check list: 

Officer in charge of tiink range firing 249 228 

Tank commander or instructor 253 233 

Chemical projectiles 17 14 

Chemical energy projectilns 15 11 

Circle, aiming 55-61 46 

Circular range card 139 124 

Classes of fire (machine gun) 116 103 

Classification : 

Ammunition 11 9 

Target 84 74 

Coaxial machine gun. (Sae Machine gun, coaxial.) 

Combat: 

Range 246 224 

Tracking 200 181 

Combination gun mount 6 7 

Command : 

Fire. {See Fire command.) 

To fire clement in fire commiinds : 

Direct 06 81 

Indirect 171 160 

Commander, tank. (See Crew.) 

Communication and control in tank range firing 250 230 

Compass : 

Care and maintenance 65 62 

Description 63 58 
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Compass— Continuoti 

Mitjor parts 62 58 

Use 62,54,157 58,61,141 

Components, amiminitioii 11,12 9 

CoiiCTntiiitioiis 161 150 

Conducts; 

riolil firing exercise 234 20/ 

Moving tunk cxcrasc ' 232 205 

Of fir« 184 168 

Trainor 108 17" 

Tank range firing 247-254 227 

Control and couinmnicution in tank range firing 241 221 

Convorgod sliouf 159 147 

Conversion table, mil 33 28 

Coordiniites 161,163 150,157 

Correction : 

Deflection 105 92 

Devinlion 170 160 

Direction 157 141 

Range 99,157,170 83,141,100 

Subsequent, indiioct fire 176 1C2 

Subsoqiiont fire comm'inds 107 95 

CoiTeet sight i)ictiii'e, training 198 177 

Course, stiindard familiarization. (.See Standard famil- 
iarization course.) 

Crew: 
Duties: 

Firing 88,91-99. 76,78. 

129,173 110,160 

Exercises. {Sec Exercise.) 

Proficiency tost 237 212 

Teamwork 122 107 

Crew-scrvcd weapons, destruction. {Sec Destruction of 
targets.) 

Data: 

Chart, .timing 66 62 

Fire ilircclion center 185 168 

Sheets, prciirranged 187 170 

Declination, aiming circle 60 56 

Declinution canst:int 58 50 

Defilade -. . 85,153 74,136 

Single tank . 188 170 

Definitions: 

Azimuth 58 50 

Ballistics 24 18 

Mil 30 21 

Deflection : 

Corrections 105 92 

DctenniiiMtion 140,161 126,130 

Referred 183 168 

Sonsings 101 83 
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Dosci'iption : 








55, 56 


4o 




34,35 


2S 




G3 


58 
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212 


Elcmcitl in fire coininaiiil:!: 








94 


SO 




170 


160 


DeStnictioa of targcU : 








131 


111 




134 


117 




133 


114 




135 


117 




132 


114 


Dclci'iiiination : 








157 


141 




32 


24 




140,161 


126, 150 




IGl 


150 




156 


130 




140 


126 




71-79, 161 


66, luO 




176 


162 




54 


46 




92, 157 


79, 141 




89,98, 112, 


77,82, 99, 




12S, 146 


109, 131 




98 


82 




90-96 


7S 




97 


81 




9J, 105, 107, 


83, 92, 9a, 




114 


100 


Control cc|iiipmcnt. {Sac Fire control cduipmcnt.) 








42 


35 




42 


35 


Methods of adjustment: 








103, 105, 106 


87, 92, 94 




103, 104 


87 




102 


S3 




44,47 


37,76 


Direction : 








173 


. 160 


Element in fire commands: 








93 


SO 




169 


160 




52 


43 




37 


32 


Dismounted: 






Troops, distinction. (Acc Dcstruiilioti of taigcts.) 






Doubtful: 






Range sensing: 








102 


S3 




175 


162 
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Drift 

Drill. (.See Exercise iitid Training.) 
Driver. {See Crew.) 
Duties : 

Crew, firing 

Oiriccr in charge of tuuk rungc firing 

Safety ofSccr iu tank range firing 

EfTccts. range 

Elements: 

Crew profieicney (est 

Viro coniniJiiidii. (&(; Fire coinni:in(l.) 

Fire (liroetioii cciUor <i.it:i 

Initial fii-o rO(|iicsl 

Elovulion 

Qi!:nlr!iiit 

Employment. (.Sen Use.) 

Enfil.'ide fire 

Engagement : 

Huilt-iip areas 

liiinkcrs nnd pillboxes 

Oi)eii entrenchments 

Open weapons emplacements 

Plotted targets 

Tai^eta of opportunity 

Equipment, fire-eon trol. (See Firc-uoiitrol equipment.) 

Equivalent thickness of armor 

Establisliing tank firing ranges. (.See Ranges.) 

Estimation, eve 

E.^aniinalion. (See Tj'nining, gunnery.) 
Exorcises (sec also Training and Drills) : 

Firing 

Crew field firing 

Crew moving tank 

Crew proficiency test , 

Preliminary subL-aliber 

Notifiring 

Boresightint; 

Manipulation 

Tracking nnd leading 

Zeroing 

Exterior ballistics 

Famiiiaiization course, standaitl. {Sao Stimdurd famil- 
iarization coui-sc.) 

Field firing exercise, conduct 

Field fortification:!, destruction. (See Destruction of 
targets.) 

Fire : 

Additional 

Adjustment. (Sec Adjustment of fire.) 

Area , 
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41 


88,91-99, 


70. 78, 


129, 173 


110, IGO 


24S 


227 


232 


231 


131 


111 


237 


212 


lS.i 


IGS 


1G3, IGl 


157. l.-iS 


156 


139 


140 


12G 


IIG, 133 


103, 114 


135 


117 


125 


117 


135 


117 


133 


117 


145 


130 


145 


130 


131 


111 


74 


GG 


218, 219,221 


19G, 197 


233.234 


207 


231, 232 


205 


239 


215 


220-224 


197 


195, 196 


177 


201 


183 


199 


180 


200 


181 


202 


183 


26 


19 


243 


221 


177 


1G3 


145 


130 
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Fim — Continued 
Coiiimiiniis : 





89,98,122, 


77,82, 107, 




12S, 140, 


109, 131, 




165-172 


159 




<W, 100 


78, 15!) 




91, 167 


78, 159 




•JD. 171 


81,160 




98 


79 




94,170 


80,160 




<K, 169 


80, 160 




05 


81 




92. 16S 


79. \m 




97 


SI 




99. lOr.. 114. 


S3. 92, 100, 




17$, ISG 


163, 169 


Pl:itoon 




132 


Conduct. (Sec Coniluct of fire.) 






Contiol equipment 


29,160 


21,149 




55-61 


46 




66 


62 




09 


64 




52 


43 




34-37 


28 




62-65 


58 




67,68 


64 




70 


64 




39 


34 




51 


43 




41,71,72 


35,66 




40 


34 




160, 173 


149, IGO 


Direct. (/See Direct fire.) 






Direction center: 








ISR 








163 


TT'n /1 1 ..>.•) n 




\CR 111 

11AJ, 111 




1 Tfi 


ifn 




IIR 


lUo 




■ •■is 


147 
It/ 






lOo 




158 


147 




1 1R 


ifijl 

lUO 








% T .1 1^ 1 ^ ^111^ 1 V/i/> l\.|nr.Mmn (run fii*^ ) 

XMilciiinu gun. voou ititti^iiiuu {^iiii iii^;.^ 






1\>T ii suor 1 


I47_M() 


131 133 




1G2 


156 




130 


111 


Salvo 


1G6 


159 


Shifting for eflect 


177 


163 


Volley 


166 


159 
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Firing: 

Duties, erow 88.91-99, 

129, 173 

Exercises. (See Exercises.) 

From a moving tank 121-126 

Niglit. {See Night firing.) 

Positions 85, 154 

Tables: 

Tabular 67 

Graphical 68 

Tank machine guns 115-120 

T;ink range 246-254 

Firepower 83 

First-round hit exorcise 228 

Fixwl fire 116 

Flanking fire . . . ; 116 

Focusing binocular 36 

Formula, mil 32 

Fortifications, fiolti, destruction (xce 'also Destruction 

of targets) 135 

Friendly troops. (See Range determination.) 

Frontal fire 116 

Fuzes : 

Changing 108 

Tank gun ammunition types 18,91 

Graphical firing tables 68 

Grazing fire 116 

Grid: 

Azimuth 58 

Coordinates 161,163 

North 58 

Gun: 

Bow. (See Machine gun.) 

Laying from orienting angle 182 

Main : 

Ammunition. (Sec Ammunition.) 

Common characteristics 5 

Maintenance 9 

Major parts 8 

Mount, combination gun , 6 

Ttirget lino 160 

Tvurol-mountod. (See Machine gun.) 
Gunner (see also Crew). 

Gunner's examination 226 

Gunnery : 

Qualification 225 

Training. (See Training, gunnery.) 

High explosives: 

Projectiles 16 

Ricochet fire 130 



70. 78. 
109, 100 

107 

74, 138 

64 
04 

102 

224 
73 

10!) 

103 

lai 

30 
24 

117 

103 

96 
14,78 

64 
103 

50 

150, 1.57 
50 



167 



7 
7 
7 
7 
149 



201 
201 



13 
111 
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11 igli exp losi V es — Con limiei I 

Scrvitc firing excicisG 23!) 213 

Use 136 11!) 

Hull (lofilado position S5 74 

Iiuticator, nziniuth 52 43 

Indirect fiio 153,157 136,141 

Adjustment 174 161 

Conduct of fire 184 16S 

Converting FDC datii lo firo comniiind 186 160 

Datn from fire direction center 185 16S 

Determination of initial tiiitn 161 150 

Example of mission 180 164 

Initial fire commands 165 159 

Crow firing duties 173 160 

Elfitncnts 166-171 150 

Examples 172 160 

Laying tanks from orienting angle 182 167 

Missions 168 147 

Of tank platoon in conjunction with artillery 181 166 

Preananged liata slicets 1S7 170 

Referred deflection 183 16S 

Report by olwervcr 179 164 

Scnsings 175 162 

Subsequent corrections 176 162 

Subsequent fire commands 178 163 

Type of control ' 177 163 

' Indirect laying 49 41 

Initial: 

Fire command. (See Fire romninnd.) 

Fire rerniest 162 156 

Elements 163 157 

Example 161 158 

Interior ballistics 25 18 

Intersection 77 71 

Kinetic energy projectile 15 II 

Laying : 

Direct 44,87 37,76 

For direction 190 171 

For range 189 170 

Indirect 53 45 

Tank giins from orienting angle 182 167 

Tanks parallel 59, 155 53, 138 

Lend clement in firo commands 95 81 

Loading (see also Adjustment of fire) 110 97 

Leading and tracking exercise 200 181 

Lino, gun-target 160 149 

Loader. (See Crew.) 
Lost, range sensing : 

Direct 102 83 

Indirect 175 162 

Lot n«mbcrs, ammunition 19 1" 
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Macliine gun : 

Aimnunition. (See Ammunition.) 

Bow gun 119, 124 

Classes of fire 116 

Coaxial 118-123 

Training firing 239 

Description 115 

Tactical employment 117 

Turret-mounted gun 120,125 

Training firing 239 

Use of machine-gun fire 136 

Magnetic : 

Azimuth 58 

North 58 

Main gun : 

Ammunition. (See Ammunition.) 

Common characteristics 5 

Firing 85,126 

Maintenance 9 

Major parts 8 

Manipulation exercise 199 

Maintenance : 

Aiming circle 61 

Compass 65 

Tank gun 9 

Maps, use of in range dctonnination 76 

Marking; 

And painting of ammuntion 20 

Volley 163 

Massed fire 147 

Action of individual tanks 151 

Defensive 149 

Offensive 148 

Measuring angle : 

Witli aiming circle 58 

With compass 64 

Mechanisms, recoil 7 

Method of adjustment exercise: 

Alternate 224 

Primary 22S 

Micrometer 52 

Mil: 

Conversion table 33 

Definition 30 

Relation and use.., 31,32,75, 

157, 190 

Minimum elevation 156 

Mission : 

Indirect fire 158 

Example 180 

Secondarj' fire 152 

Mount, combination gun 6 
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106, 108 
103 
106 
215 
102 
105 

106,108 
215 
119 

50 
50 



3 

74, 108 



180 

57 
62 
7 
71 

17 
157 
131 

133 

132 
132 

50 
61 
7 

201 
199 
43 

28 

21 

23,24, 67, 
141,171 
139 

147 
164 
136 
7. 
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Moving targets. (See Adjustment of fire.) 

Moving tank exerciso 232 205 

Night firing 142,153 128,136 

Fire commaiids for firing with poor visibility 146 131 

Firing with illumination 144 129 

Firing with poor visibility 145 130 

Preparation and occupation of positions 143 128 

Nonfiring exercises (see also Exercises) 195-217 177 

Normal sheaf ., 159 147 

North : 

Grid 58 50 

Magnetic 58 50 

Objects affecting operation of aiming circle 57 49 

Obliqtje fire 116 103 

Observation telescope 70 64 

Observer, report 179 164 

Observing witli binocular 36 30 

Obtaining data (range card) 140 126 

Occupation and preparation of night firing positions 143 128 

Officer in charge: 

Tank range firing: 

Check list 249 228 

Duties 248 227 

Officer, safety: 

Tank range firing duties 252 231 

Ogive 14 11 

Open entrcnciiments, engagement 135 117 

Open weupons emplainents, engagement 135 117 

Operation : 

Aiming circle 57 49 

Binocuhus 36 30 

Organic fire control of the tank platoon 160 149 

Orienting angle 182 167 

Over: 

Range sensing: 

Direct 102 83 

Indirect 175 162 

Overlay, range safety 244 222 

Painting and marking of ammunition 20 17 

Parallax 49 41 

Parallellaying of tanks 59.155 53,138 

(Parallel) normal sheaf 159 147 

Periscope , 39 34 

Photomaps, use of in range determination 76 71 

Platoon : 

Fire command 150 132 

Minimum elevation 156 139 

Plotted targets, engagement 145 130 

Plunging fire 116 103 

Point, registration 161 150 

Pointer 52 43 

24( TAOO lOm-B, May 



Paragraph Page 



Positions : 

Combat tank firing range 246 224 

Defilade 85 74 

Firing 85,154 74,138 

Night firing, preparation and occupation 143 128 

Posts, aiming 69 64 

Prearranged data sheets 187 170 

Preparation and occupation of niglit firing positions 143 128 

Preservation of binoculars 37 32 

Primary method of adjustment exercise 223 199 

Principles, tank indirect fire adjustment 174 161 

Procedure : 

Alternate method. (See Application.) 

Aiming circle, use 58 50 

Declinating the aiming circle 60 56 

Laying tanks parallel 59,155 53,138 

Mil relation 32 24 

Registering the tank platoon 161 ISO 

Proficiency test, crew 237 212 

Projectiles: 

Antipersonnel, antimatcri'cl 16,132-136 13,114 

Armor-defeating 15,131-136 11,111 

Chemical 17 14 

Chemical energy 15 11 

Kinetic cnergj' 15 11 

Nomenclature 14 11 

Types 13 11 

Q.uadrant: 

Elevation 140 126 

Qualification, gunnery 225 201 

Range: 

Card 137 124 

Obtaining data 140 ' 126 

Tactical use 141 127 

Target designation 138 124 

Types 139 124 

Change, standard ; 105 92 

Combat 246 224 

Corrections 105,163,176 92,157,162 

Determination 71-79,161 66,150 

Methods 71 66 

Binocular and mil relation 75 67 

Eye 74 66 

Friendly troops 79 72 

Intersection 77 71 

'Mapa and pliotomaps 76 71 

Range finder 73 66 

Registration 78 71 

Training 206,207 185,187 

Effects 131 111 
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Range — Continued 

Element in fire commands: 

Direct 92 79 

Indirect 168 15<) 

Finders 41,73 35,66 

Training 208-214 187 

Mil formula 32 24 

Safety overlay 244 222 

Subcaliber 245 224 

Ranges, tank firing 241,242 221 

Conducting 247 227 

Checklist for OIC 249 228 

Communication and control 250 230 

Duties of OIC 248 227 

Duties of safety officer 252 231 

Safety precautions 251 231 

Safety precautions check list 253 232 

Suggested arrangement and handling of ammu- 
nition and containers for stationary firing 264 233 

Establishing 243 221 

Combat range 246 224 

Range safety overlay 244 222 

Subcaliber ranges 245 224 

Reciprocal laying 59 53 

Recoil mechanisms 7 7 

Referred deflection 183 168 

References AppI 235 

Registration 78 71 

Point 161 150 

Relation, mU 31,32,76, 23,24,71, 

157, 190 141, 171 

Report by observer 179 164 

Request, initial fire 162 156 

Reticle 43 37 

Binocular 36 30 

Pei-iscope 39 34 

Telescope €6 46 

Training 198 177 

Rioocliet file 130 111 

Rotating bands 14 11 

Safety: 

Officer, duties in tank range firing 252 231 

Overlay, range 250 230 

Precautions : 

Checklist for tank commander or instructor. . . . 253 232 

Range firing 250 230 

Salvo fire 166 ' 159 

Scale 52 43 

Score card, crew proficiency test 240 218 

Scoring, crew proficiency test 240 218 

Secondary fire missions 152 136 
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Scnsings : 

Deflection 101 83 

Range 102,175 83,162 

Sefiuencc, gunner}' training 193 173 

Service : 

Firing exercise 239 215 

Tables 228 202 

Setting up aiming circle 57 49 

Sheaf: 

Convei^ed 159 147 

Normal (parallel) 159 147 

Sheet, prearranged dalu 187 170 

Shift 163 157 

Shifting fire for effect 177 163 

Shoot around a corner 135 117 

Short: 

Range sensing: 

Direct 102 S3 

Indirect 175 162 

Shot: 

Definition 15 11 

Use in service firing 239 215 

Sight, direct fire 38 33 

Adjustment 45-49 38 

Boresighting 46 38 

Efifects of drift, cant, and panilinx 49 41 

Zeroing 47,48 38,41 

Reticle 43 37 

Training 198 177 

Single tank in defitode 188 170 

Adjusting fire 191 171 

Laying for direction 190 171 

Laying for range 189 170 

Site to mask 156 139 

Sketch range card 139 124 

Smoke 17 14 

Use 136 119 

Snnkoboiird 199 180 

Special uses, tank ammunition 136 119 

Special situations, crew proficiency tost 238 213 

Spread 212 192 

Standard familiarization course 229 202 

Details 230 202 

Standard range change 105 92 

Stationary targets. (See Adjustment of fire.) 
Subcaliber : 

Firing exercise 220-245 197 

Range 246 224 

Tables 227 201 

Subsequent : 

Corrections, indirect fire 176 162 

Fire commands. (.See Fire commands.) 

TAGO lOlil-B, MtQT 249 



Paragraph Page 



Superelevation angle 26 19 

Systems, direct fire control 42 35 

Tables, firing: 

Graphical 68 64 

Service 228 202 

Subcalibcr 227 201 

Tabular 67 64 

Tactical employment, machiiiu gun 117 105 

Tank: 

Background 3 5 

Base 158 147 

Characteristics 3,4 5 

Commander (aee ako Cruw) : 

Checklist 253 232 

Firing 129 110 

Crew {see also Crew and Exercises) : 

Proficiency test 235-240 212 

Gun. (See Main gun.) 

Gun ammunition. (Sec Ammunition.) 

Individual action in massed fire 151 133 

Parallel laying 59, 155 S3, 138 

Platoon, organic fire control 160 149 

Range. {See Range.) 

Vulnerability 131 111 

Target: 

Acquisition 84 74 

Training 215-217 194 

As a sensing 102,175 83,162 

Board, training 198 177 

Classification 84 74 

Designation (range canl) . (See Range card.) 

Opportunity, engagement 145 130 

Plotted, engagement 145 130 

Teamwork, crew 122 107 

Techniques of target destruction 127-136 109 

Telescope 40 34 

Observation 70 64 

Reticle 56 46 

Terminal ballistics 27 20 

Test: 

Tank crew proficiency 235-239 212 

Scoring 240 218 

Thickness, equivalent (armor) 131 111 

Tracking (see ako Adjustment of fire) Ill 98 

Tracking and leading exercise 200 181 

Trainer, conduct of fire 198 177 

Training (gee also Esercises) : 

Crew field firing 233,234 207 

Crew moving tank 231,232 205 

Crew proficiency test 235-240 212 

Familiarization 229,230 302 
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Training — Continued 

Gunnery 192,225-228 

Methods of testing 194 

Qualification 225-228 

Sequence 193 

Individual, tank gun crew 197 

Auxiliary fire-control equipment 203 

Direct-fire sights 198 

Range determination 204-207 

Range finder 208-214 

Subcaliber 220-224,239 

Target acquisition 215-217 

Trajectorj- 26 

Traversing fire 116 

Troop safety factor 156 

Towed-card exercise 200 

Turret: 

Defilade 85 

Types: 

Indirect fire 153 

Control 177 

Missions 158 

Rai^ cards 139 

Tanks 3 

Use: 

Aiming: 

Circle 55,58,157 

Data chart : 66 

Posts 69 

Ammunition 136 

Azimuth indicator 52 

Binocular 34,75 

Compass 62,64,157 

Direct fire S7 

Firing tables 67,68 

High explosive 136 

Machine-gun fire 136 

Mil relation 31,32,75, 

157, 190 

Observation telescopes 70 

Periscopes 39 

Quadrants 51 

Rai^ card 141 

Range finders 41,71,72 

Sheaf 159 

Tank weapons 86,117-120 

Telescopes 40 



Unarmored vehicles, destruction of. (See Destruction of 

targets.) 
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173, 201 
175 
201 
173 
177 
183 
177 
184 
187 

197,215 
194 
19 
103 
103 
181 

74 

136 
163 
147 
124 

5 



46,50,141 
62 

64 
119 
43 
28,67 
58.61,141 
76 
64 
119 
119 

23,24,67, 
141, 171 
84 
34 
43 
127 
35,66 
147 
75, 105 
34 
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Paiacrsph Pace 



Vision devices 54 46 

Volley: 

Fire 166 159 

Marking 163 157 

Vulnerability, tank 131 111 

White phosphorus 17, 136 14, 119 

Width, determining with mil formula 32 24 

Zeroing 47,48 38,41 

Exercise 202 183 
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TAGO 10m-B,.Miiy 



[AG 4705 (15 Feb 57)] 



By Order of Wilber M. Brucker, Sccrctarj' of the Army: 

MAXWELL D. TAYLOR, 
General, United States Army, 
OfTiciiil: Chief of Staff. 

HERBERT M. JONES, 
Major General, United States Army, 
The Adjutant General. 



Dist.ril)iit,ion: 



Acinic Army: 

CXGB 
Tee Svc. DA 
Toe Sve Bd 
Uq COXARC 
Army A A Comd 
OS Maj Comd 
OS Base Comd 
TjOg Comd 
MDW 
Armies 
Coips 
Inf Div 
Armd Div 
Abn Div 

?fG: State AG; units — same as Active Arm}'. 

USAR: Same as Active Army. 

Kor cxpliinntion of abbreviations iiswt, see SR 



Brig 

Inf Regt 
Armd Gp 

Armd Inf Bn, Roeon, Tk 

Roeon Co, Tk 

US Army Tng Con Armor 

Armor Tng Gen 

USMA 

Inf Sch 

Armor Sch 

PMST Sr Div Units 

PMST Jr Div Units 

PMST Mil Sell Div Units 

Mil Dist 



320-50-1. 
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